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ABSTRACT 
Abstract of the thesis submitted to the Aligarh Muslim University, 
AUgarh, India for the degree of Doctor of Philosophy in Botany. 
Six pot experiments were carried out, based on complete randomized 
block design, during the rabi seasons of 2003-2006 with the aim to study the 
utility of wastewater (100%WW and 50%WW) as supplement of nutrients and 
Experiment III, was conducted during the rabi season of 2004-2005 to study 
the performance of the same variety of fenugreek under the same levels of 
water in presence of four levels of phosphatic fertilizer i.e. PQ, Pio^  P40 and F^o 
alongwith optimum dose of nitrogen (Nio) obtained in experiment I with K40 as 
uniform basal dose. In this experiment also 100%WW proved best for most 
parameters studied. Application of P40 proved optimum, P60 was at luxury 
consumption and P20 was the deficient dose. Among interactions, 
100%WWxP4o proved superior over others. 
Experiment IV, was conducted alongwith experiment III to study the 
performance of the same variety of spinach under the same three levels of 
water in presence of four different levels of phosphorus i.e. PQ, P20J Pso, P40 
alongwith the optimum dose of nitrogen obtained in experiment II with K30 as 
uniform basal dose. In this experiment also 100%WW proved best over 
50%WW and GW. Among phosphorus doses, P30 proved optimum, P40 was at 
luxury consumption and P20 was deficient. Interaction 100%WWxP3o gave the 
best results in most of the morphophysiological and yield parameters. 
Experiment V, was conducted during the rabi season of 2005-2006 to study the 
effect of two concentrations of wastewater (100%WW and 50%WW) as both 
were better than GW in earlier experiments. A uniform dose of Nio (based on 
experiment I) and its control (No), with three levels of phosphorus, PQ, P40, Peo 
(based on experiment III) and two of potassium, KQ, K40 in six combinations 
were tested. Like earlier four experiments, 100%WW proved beneficial for 
most of the parameters under study. Among different fertilizer doses, N10P40K40 
performed best, confirming the findings of I and III experiments conducted on 
nitrogen and phosphorus respectively as it was at par with N10P60K40. The other 
three doses N10P40K0, NioPeoKo and NIOPOKQ were deficient in which first two 
were at par in most parameters and expectedly the treatment NIQPOKO was 
better than NQPOKO. Among the interactions, 100%WWxNioP4oK4o surpassed 
the other combinations. Out of the four cuttings studied in this experiment, 
third cutting proved best in terms of leaf fresh yield, therefore, in all three 
cuttings may be obtained because of the use of wastewater instead of two 
which is commonly undertaken. 
Experiment VI, was conducted simultaneously with experiment V to study the 
effect of 100%WW and 50%WW and the combined effect of nitrogen, No, N40 
(based on experiment II) and phosphorus, PQ, P30, P40 (based on experiment 
IV) and potassium, Ko, K30 on morphophysiology and yield of spinach. Here 
also 100%WW gave significant increase over 50%WW proving the findings of 
earlier two experiments on this crop. The combined optimum dose N40P30K30 
surpassed the other fertilizer doses proving the observations of experiments II 
and IV conducted on nitrogen and phosphorus. The interaction of 100%WW 
with N40P30K30 was the optimum as it was at par with 100%WWxN4oP4oK3o. 
Like fenugreek in spinach also third cutting was best out of the four cuttings 
which was due to the utility and regular supply of nutrients present in 
wastewater. These observations also indicated some saving of fertilizers if the 
wastewater is used for irrigation. Since 100%WW proved beneficial, therefore, 
ihere is no need of dilution which is incidentally a common practice employed 
by local vegetable growers at Aligarh. 
It may be concluded that 100% wastewater proved to be a good source 
of nutrients and irrigation water. It also helped in saving of some inorganic 
fertilizers, thus lessing the demand of inorganic fertilizers and freshwater for 
agriculture. The combination N10P40K40 for fenugreek and N40P30K30 for 
spinach may be recommended to local farmers when these vegetables are 
jrown under wastewater. It may be noted that most of the physico-chemical 
characteristics were also within the permissible limits of irrigation water. 
However, the microbiological tests of wastewater revealed that it contained 
some pathogenic bacteria and since the crops are leafy vegetables therefore, the 
presence of these bacteria may be a cause of concern for the farmers and also 
the consumers so require some precautions at the time of cultivation, harvesting 
and consumption. ^ 
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CHAPTI U 1 
INTRODUCTION 
Water either as liquid or solid covers about 70% of our earth's surface. Most 
of it, 97.6%, is in the ocean which is saline and therefore, can not be used directly for 
drinking, agriculture, industry and domestic purposes. In addition, about 1.9% is tied 
up in glaciers, ice-caps and snow fields which is beyond the reach and also not easily 
available to men and the rest (less than 0.5%) is the only fresh water available as the 
ground water or surface water in lakes, rivers, ponds and other water reservoirs 
(Cunningham and Saigo, 1995). Fresh water problem is comparatively more serious 
in India due to the unequal distribution of water resources in the world. For example, 
Asia with 60% of world's population has only 36% of river run-off, whereas South 
America with just 6% population has about 26% runoff Similarly in Asia, with two 
third of the total irrigated lands, 85% of fresh water goes for irrigation in comparison 
with 60% of the rest (Anonymous, 2002). 
Making the situation more difficult there is an increasing demand of the fresh 
water day by day in agriculture, industries, domestic and electricity generation. The 
last three uses of water have affected the water quality adversely not only in India but 
in many parts of the world. The Central Pollution Control Board of India (CPCB) 
carried out studies at 423 class I cities (population more than 1,00,000) and 498 class 
II towns (population between 50,000 to 1,00,000) of the country in which more than 
70% of urban population houses. The study revealed that these cities and towns 
generate about 26,254 million litres per day (mid) of wastewater (Bhardwaj, 2005) 
while the wastewater generated from the major industries was even more 
approximately 83,048 mid. This situation naturally warrants immediate redressal 
through water resource management, therefore, there is need to bring perceivable shift 
in our approach towards its treatment, disposal and reuse. 
Wastewater treatment processes developed in rich and technologically 
advanced countries that utilize highly mechanized or energy consuming plants are 
neither sufficient nor financially affordable in developing countries like India. 
Therefore, the development of simple, low cost processes coupled with use of 
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effluents, offers one of the more suitable options as industrial effluents and sewage 
contain valuable plant nutrients. Thus, their use in agriculture may not only be a 
means for preventing environmental pollution but also an important source of 
nutrients and irrigation water. Keeping this view in mind, plant nutrition experts in 
India are propagating to shift its use and the farmers of today are readily willing to opt 
for greater consumption in vegetable cultivation specially near the urban areas, where 
this water is easily available. 
Needless to add that vegetables being very rich in minerals and vitamins and a 
good source of roughage are an important part of our daily diet. Moreover, a very 
large population of India is vegetarian by faith. Therefore, a number of green 
vegetables is cultivated with fenugreek and spinach occupying important positions 
being commonly and easily grown in a short period of time. Fenugreek (methi), is an 
aromatic annual vegetable as well as condiment crop (Purohit and Vyas, 2004). In this 
context, it may be pointed out that this crop being a leguminous one can also fix about 
50% of its total nitrogen (N) requirements with rates of fixation going even up to 100 
kg ha"' (Pepper, 2000) and thus, it plays a vital role in the sustainable eco-friendly 
agriculture. There are two types of fenugreek, i.e. (i) common (desi) methi and (ii) 
kasturi (marwari or champa) methi. The former is fast growing, with upright shoots 
and white flowers. Pods are straight, long and contains 10-15 seeds. The latter is 
scented and pods are smaller than those of desi varieties. Fenugreek is medicinally 
used as carminative, tonic and poultice for ulcers, boils and abscesses (Prajapati et al., 
2004). The dried plant is mixed with stored grain as an insect repellent and also used 
for flavouring purposes (Sharma, 2003). Seeds are rich in protein, minerals and 
vitamins. They are mucilaginous, demulcent, diuretic, tonic, carminative, astringent, 
and aphrodisiac and also used by the Indian women for its alleged power to promote 
lactation. Ground fine powder of fenugreek seeds mixed with cottonseeds is also fed 
to the cattle to increase the flow of milk. It is also claimed that seeds could be used 
against diabetes. They can even reduce sugar level of blood, total cholesterol and 
triglycerides (Purohit and Vyas, 2004). 
Spinach is another leafy green vegetable. It is a native of south-western Asia 
and is cultivated throughout India. It is also widely grown in cool regions where there 
is an abundance of water (Hill, 1996). It is an erect, smooth herb, 30-60 cm high and 
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is divided into two groups: one having triangular leaves and prickly seeds and the 
other with round leaves and smooth seeds. It is a good source of vitamins (vitamin A, 
B complex, C, K) and carotene. It is a much richer source of proteins than any other 
leafy vegetable. Herbaceous parts are mildly laxative and used as an emollient 
poultice in the form of infusion and decoction. It is also used as demulcent, diuretic 
and astringent in fever, inflammation of the lungs and bowels, hurried breathing, 
biliary dearrangements and lithontripic in urinary calculi. The juice of leaves is used 
as a gargle in the sore throat. 
It may be pointed out that plants require seventeen essential elements for their 
normal growth and development. These include H, C, O, N, K, Ca, Mg, P, S, CI, Fe, 
B, Mn, Zn, Cu, Mo and Ni. The last one being lately included in the list (Dalton et al., 
1988). Of these N, P and K have been found to be required, comparatively in larger 
amount and to be the most effective in promoting crop yields. Keeping the above 
mentioned facts in view, it was decided to study the feasibility of using the 
wastewater as a common source of irrigation and nutrients for cultivation of the two 
vegetables grown with graded levels of N, P and K so as to observe the possible 
fertilizer economy as also to dispose off the wastewater through growing crops. The 
study comprised of six pot experiments three on each crop with the following aims : 
1. To study the performance of fenugreek grown under wastewater and to observe 
if it could be a source of some essential nutrients and irrigation water in 
presence of different levels of N for obtaining its optimum dose and also to 
compare two levels of wastewater and groundwater (Experiment I). 
2. To study the performance of another vegetable, spinach grown under similar 
water treatments but different levels of N for obtaining its optimum dose and 
also to compare two levels of wastewater and groundwater (Experiment II). 
3. To study the performance of fenugreek again under the same water treatments 
but in presence of different levels of phosphorus (P) and a uniform basal dose of 
N obtained in experiment I for obtaining its optimum dose and also to compare 
two levels of wastewater with groundwater (Experiment III). 
4. To study the performance of spinach also under similar water levels in presence 
of different levels of P and a uniform basal dose of N obtained in experiment II 
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for obtaining its optimum dose and also to compare two levels of wastewater 
with groundwater (Experiment IV). 
5. To obtain the optimum combination of NPK given under wastewater based on 
the findings of experiments I (N) and III (P) and also to study the suitable 
cutting stage of fenugreek and finally to confirm the suitability of 100% 
wastewater over 50% wastewater (Experiment V). 
6. To obtain the optimum combination of NPK given under wastewater based on 
the findings of experiments II (N) and IV (P) and also to study the suitable 
cutting stage of spinach and finally to confirm the suitability of 100% 
wastewater over 50% wastewater (Experiment VI). 
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Botanical name 
Abutilon indicum 
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Pimpinella anisum 
Hardwickia binata 
Paspalum notatum 
Hordeum vulgare 
Beta vulgaris 
Cicer arietinum 
Phaseolus mungo 
Lagenaria siceraria 
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Brassica oleracea var. capitata 
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Carum carvi 
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Cucumis sativus 
Pelargonium odoratissimum 
Phaseolus radiatus 
Arachis hypogea 
Dolichos lablab 
Phyllanthus emblico 
Phaseolus vulgaris 
Abelmoschus esculentus 
Lentil 
Lettuce/Bunerhead lettuce 
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Onion 
Parseley/Persele 
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Pearl millet/Bajra 
Pigeonpea 
Potato 
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Rice 
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Soybean 
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Strawberries 
Sugarbeet/Beet root 
Sweet basil 
Sweet cherry 
Tomato 
Triticale 
Tropical duckweed/Water lettuce 
Turnip 
Water hyacinth 
Water spinach 
Water thyme 
Wheat 
White popinac/Horse taramind 
Vetch 
Lens culinaris 
Lactuca sativa 
Medicago sativa 
Linum usitatissimum 
Zea mays 
Avena sativa 
Allium cepa 
Apium petroselinum 
Pisum sativum 
Pennisetum typhoides 
Cajanus cajan 
Solatium tuberosum 
Raphanus sativus 
Brassicajuncea 
Oryza sativa 
Eruca vesicoria 
Sorghum vulgare 
Glycine max 
Metha spicata 
Spinacea oleracea 
Fragaria vesca 
Beta vulgaris 
Ocimum basilicum 
Prunus avium 
Lycopersicon esculentum 
Triticale hexploid 
Pistia stratoites 
Brassica rapa 
Eichhornia crassipes 
Ipomea aquatia 
Hydrilla verticillata 
Triticum aestivum 
Lucaena leucocephala 
Vicia sativa 
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REVIEW OF LITERATURE 
The present chapter is divided in four sections. Section 2.1 is directly related 
to the study where utility of wastewater was studied while taking various vegetable 
crops. However, it may be noted that only a few studies were available when the 
vegetables were grown under wastewater. Therefore, section 2.2 was added where 
wastewater with other crops was studied to take the broader view of wastewater use in 
agriculture. The last two sections, one on fenugreek 2.3 and another on spinach 2.4 
were included where only fertilizer doses were studied when the two crops were grow 
with normal irrigation water. 
2.1 Effect of wastewater on vegetables 
Al-Nakshabandi et al. (1980) found that germination in com, barley and 
alfalfa was not affected by crude wastewater of refinery, while radish was affected. 
Growth was enhanced under all treatments when compared with control. They also 
noted that the crops tested tolerated wastewater treatments, except unusually higher 
pollutant concentration of the wastewater. Singh (1981) at Muzaffamagar (U.P.) 
investigated the effect of paper mill wastewater on pea and lentil. The seeds were 
soaked in different concentrations for a period of 4 and 8 hours. It was observed that 
in higher concentration and long soaking treatment only, the percentage of 
germination, speed of germination index and seedling growth were markedly affected. 
Ajmal and Khan (1983) at Aligarh studied the effect of 100, 75, 50 and 25% 
sugar factory effluent of Aligarh and Bulandshahr on soil, kidney bean and pearlmillet 
and observed that germination was 100% in the water-irrigated soil, while it was 
between 99% and 91% in different concentrations of wastewater. The ground water 
and 25% effluent irrigated soils were more suitable for germination. Therefore, they 
suggested that the effluent may be used for irrigation after suitable dilution. Ajmal 
and Klian (1984a) further studied the effect of effluent from Mohan Meakin breweries 
Ltd.. Ghaziabad (MMBL). Germination of wheat and pea was restricted to 80 and 
90% respectively under 100% effluent but with 50 and 25% concentration, it was 
quick. Similarly, the growth was also restricted with 100% effluent while 50% proved 
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beneficial. During the same year (1984b) they also applied four concentrations of 
vegetable ghee manufacturing effluent to pea and mustard and noted that germination 
was delayed and restricted to 90% of normal when undiluted effluent was used, 
whereas it was normal under other concentrations. Undiluted effluent inhibited the 
growth whereas 75% effluent enhanced it. They were of the opinion that this 
concentration was suitable as it can supply some of the nutrients required by the plant. 
Similarly, Ajmal et al. (1984), applied Glaxo Laboratory India Ltd. effluent (GLLE) 
to kidney bean and pearl millet. The undiluted GLLE checked the germination in 
kidney bean to some extent while in pearmillet it was beneficial, while 75% effluent 
in pearl millet and 25% in kidney bean enhanced the height of plant whereas 100% 
GLLE retarded it in both crops. In continuation, Ajmal and Khan (1985a) also studied 
the effect of Modi textile factory effluent, Modinagar (U.P.) on kidney bean and 
lady's finger. They observed gradual increase in Na"^  content of plants with increase in 
effluent concentrations. In plants grown under 50%) effluent, the concentration of K ,^ 
was highest followed by 25%, 75% and 100%. Higher concentrations 
(100% and 75%)) inhibited and delayed the germination but it was normal with lower 
concentrations. In another experiment (1985b), they applied 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, 
1.5, 2.0, 2.5, 3.0 and 4.0 dilutions of electroplating factory effluent to hyacinth beans 
and mustard. Germination was delayed with increase in concentrations and in mustard 
it was totally inhibited in 1.5% effluent. The metal content in the hyacinth bean plants 
increased with increasing concentration but after 1.0%o effluent, the concentration of 
Ca, Mg, Na, K, Cu, Zn and Fe was decreased in plants except Cr which increased 
throughout, while Cd, Ni, Co, Mn and Pb were not detected in hyacinth bean plant. It 
may be pointed out that work undertaken by Ajmal and his associates at Department 
of Applied Chemistry of this University was based mainly on chemistry of soil and 
wastewater and its effect on some plants including the vegetables. However, their 
work was restricted to seed germination and up to seedling growth only and not in 
terms of crop growth and productivity. 
Goel and Mandavekar (1983) at Karad (Maharashtra) observed that cluster 
bean, if irrigated with 10% distillery effluent recorded more nodulation. They further 
observed that higher concentration increased the salt contents and organic matter in 
the soil thus, suppressing the nodulation but in such condition more nitrogen was 
absorbed by the plants. During the same year, Shinde and Trivedi also at Karad 
6 ; ^ 
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studied the effect of distillery wastewater on various characteristics of lady's finger 
and corn which were adversely affected at concentration of more than 25%. However, 
10% of wastewater proved beneficial while reduction in root length was observed 
with all dilutions. They also reported that com was more tolerant to distillery waste 
than lady's finger. 
Hemphill et al. (1985) in USA, while studying the effect of tannery effluent on 
lettuce and broccoli reported that nitrogen concentration of lettuce was higher than 
that of lettuce grown on untreated soil. They also observed that yields of both crops 
increased when grown on tannery waste amended soil. 
Monem (1988) studied the bacteriological examination of vegetables irrigated 
with wastewater at Dakahlia (Egypt). Post har\'est tests on vegetables like radish, 
green onion, spinach, lettuce, pepper and tomato were taken up irrigated with 
wastewater. It was noted that the highest bacterial count on leafy vegetables, spinach 
with 800,000 total coliform (TC) and 15,000 faecal coliform (FC) and lettuce with 
1,30,000 TC and 7000 (FC) which has decreased after washing. This decrease varied 
according to the nature and structure of plant organ. Naheed et al. (1988) at Lahore 
(Pakistan) irrigated sugarbeets, carrots, spinach, cauliflower, coriander, lettuce, turnip 
and radish with raw sewage after dilution (1:1) and ground water. The accumulation 
of heavy metals was in the order of Na > K > Fe > Cu > Cr > Pb > Ni. They also 
noted that raw sewage significantly affected the growth as well as the taste of 
vegetables studied by them. Sahai and Srivastava (1988a), studied the seed 
germination and seedling growth of cauliflower and cabbage using various 
concentrations ranging from 1, 2.5, 5, 10, 25, 50, 75 and 100% of fertilizer factory 
effluent. They observed a corresponding decrease in percentage of seed germination 
and speed of germination index with increase of concentration. In 75% and 100%, no 
germination took place while that 2.5% wastewater proved best for seedling growth. 
They were of the opinion that high toxicity of the effluent may be due to the presence 
of urea nitrogen and ammonia-N in the effluent, therefore, recommended that 2.5% 
concentration of the wastewater may be used as liquid fertilizer. During the same year 
(1988b), they also studied the impact of fertilizer factory wastewater on french beans. 
They noted increase in chlorophyll a and chlorophyll b of seedlings up to 2.5% 
effluent only and decrease thereafter. The carotenoid content, however, increased 
gradually with increase in concentration. 
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Bahadur and Sharma (1989) studied the effect of combined effluent from 
Indian Turpentine and Rosin Co. Ltd., Western India Match Co. Ltd. and Camphor 
and Allied Products Ltd. at Bareilly on the growth of pea. They observed that shoot 
length, root length, number of leaves, branches and inflorescence, leaf area, dry 
weight of shoot, root, seed yield and biomass decreased significantly in plants 
receiving effluent after 30, 75 and 135 DAS. They attributed this decrease due to the 
presence of various pollutants in wastewater. Uskov and Mart (1989) conducted an 
experiment at Kursk Nuclear Power Station (Russia) and irrigated growing vegetables 
with warm water discharged from the power station which resulted in increase in 
yields of cucumber (47%), late cabbage (29%), beet roots (60%) and sugar beet 
(48%). They observed that surface irrigation produced more yield than sprinkling. It 
was also noted that under the influence of warm water irrigation, the soil warmed up 
earlier in spring and vegetation was prolonged in autumn. Maturation of crops was 
accelerated and a second hai"vest was possible. 
Jabeen and Saxena (1990) studied the effect of Sarya distillery and fertilizer 
factory on pea at Gorakhpur. Growth was favourable when lower concentration up to 
5% of distillery and 2.5% of fertilizer factory were used which ultimately increased 
the dry matter, pigment and protein contents. They concluded that both wastewaters 
after proper dilution may be used for irrigation and may be an additional source of 
nutrients. Truby and Raba (1990) at Freiburg (Germany) noted uptake of Zn, Cd and 
Pb by Chinese cabbage, lettuce, fodder beets, spinach, cabbage, carrots, potatoes, 
radish, beet roots, celery, onions, bush beans, strawberries, cucumbers and tomatoes 
when irrigated with sewage wastewater. They noted low levels of heavy metals in the 
fruit vegetables and strawberries. However, lettuce, fodder beets, spinach, celery and 
carrots grown in a neighbouring uncontaminated field also had high Cd contents. 
They concluded that uptake of heavy metals by vegetables could not be predicted by 
measuring them in the soil alone. 
Wang (1990) while assessing toxicity of pre-treated industrial wastewater using 
higher plants at Peoria (USA) remarked that out of tested plants rice was more 
sensitive to toxicity than duck-weed and lettuce and rice root elongation was 
markedly decreased as compared to lettuce. Pratibha (1991) while working on the 
growth of coriander and fenugreek irrigated with sewage wastewater at Hyderabad 
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(A.P.) observed increase in growth and yield of the two crops when compared with 
tap-water irrigation. Sharma and Nailc (1991) at Raipur (Chattisgarh), observed the 
effect of steel mill wastewater and reported that effluent irrigation decreased the 
germination percentage as well as other germination parameters but increased ash and 
nutrient content in all parts of cluster bean. It also increased the pigment and protein 
concentration in leaves and soil nitrogen concentration significantly. Srivastava 
(1991) at Jabalpur, observed the effect of paper mill and chlor-alkali plant effluent on 
seed germination, root length, shoot length and number of secondary roots of radish 
and onion. He reported that chlor-alkali plant effluent was highly deleterious for 
germination and early growth performance of seeds as compared to paper mill 
effluent. 
Abasheeva and Revenskii (1992) in Russia, while working on oats, rape and 
peas in pots using alluvial meadow or grey forest soil and taking clean water or 
purified wastewater from a cellulose and cardboard mill containing 1 g salt litre' , 
observed that dry matter yield of oats on both soils and peas on grey forest soil was 
increased and didn't affect those of rape on either soil or peas on alluvial meadow 
soil. No adverse effect on chemical composition or feed value was reported by them. 
Goswami and Naik (1992) also at Raipur, performed an experiment to evaluate the 
effect of fertilizer factory effluent on chlorophyll contents of cluster bean. They 
reported improvement in chlorophyll content at 10% effluent whereas it was 
adversely affected at higher concentrations and virtually a negative correlation existed 
between the two. Somashekar et al. (1992) at Bangalore conducted laboratory 
experiments to evaluate the effect of distillery wastewater on germination and growth 
of cowpea and fenugreek and reported that with increase in effluent concentration, the 
germination percentage decreased, but was not completely suppressed. At 10% 
concentration, 80% of cowpea seeds germinated while 53% germinated at 100% 
concentration against 89% recorded for the control. Again 93% germination was 
observed for control and only 65% of seeds of fenugreek germinated at 100%) 
concentration. With increase in concentration of effluent, relative survival percentage 
was also decreased. They also reported that as compared to fenugreek, plants of 
cowpea absorbed more Ca, K and Mn whereas, B was absorbed more by fenugreek as 
compared to cowpea and almost same amount of P, Mg and Fe was absorbed by two 
crops. At lowest concentration of effluent, shoot and root lengths were closer to 
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control values and around 49.9% and 59.9% shoot and root inhibition respectively 
was recorded for cowpea at 100% concentration. In case of fenugreek percentage of 
shoot inhibition was more than root inhibition. 
Iqbal et al. (1994) studied the growth of coriander and spinach with municipal 
wastewater and sewage sludge giving : 
Ti - A medium of 1:2 fine sand and cattle manure and irrigated with sewage 
water. 
T2 - A medium of 1:2 fine sand and raw sludge. Tap water was used for 
irrigation. 
T3 - A medium of 1:2 fine sand and raw sludge using sewage water. 
T4 - Control, medium of fine sand and irrigated with tap water. 
It was found that for both the crops fresh weight and dry weight were lowest 
for the first harvest in all treatments. For coriander, dry weight was lowest in T3 and 
highest in Ti while for spinach Ti resulted in greater biomass and control gave the 
lowest value. Karunyal et al. (1994) at Madurai studied the effect of tannery 
wastewater. Germination of paddy abutilon and white popinac was inhibited by 25%) 
and 50% and prevented by 75% and 100% wastewater. Leaf area and biomass of 
cotton, blackgram, cowpea and tomato seedlings were higher than those of controls. It 
was also noted that protein and chlorophyll contents were also increased by 25%). 
Tannery wastewater at 75%) and 100%) killed the plants and only 25%o proved suitable 
for growth compensating for fertilizer. At Santiniketan, during the same year, Saha 
and Ray observed symptoms of phytotoxicity while observing the role of carbon black 
factory wastewater and a chemical factory wastewater on the growth of radicles of 
rice, mustard, lentil, green gram and pea. 
Inam and his associates have also undertaken some studies at Aligarh on 
wastewater quality and vegetable cultivation. Mention may be made of Aziz and Inam 
(1995) where post irrigation effect of sewage water on some crop plants and 
agricultural soil was observed. The pH of sewage was almost neutral but the values 
for EC, total dissolved salts and cations were very high compared to Indian standards. 
Soil irrigated with sewage showed no significant change in pH, EC, organic carbon 
and some cations. On the other hand the soil as well as the crops studied showed the 
accumulation of heavy metals in general and Pb, Cr and Ni in particulai-. Among the 
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crops, in general N and Ca content was more in leaves of all crops as compared to 
other plant parts and maximum in radish while minimum in cauliflower leaves. P was 
more in leafy vegetables except cauliflower while grain of wheat and stem of mustard 
had more phosphorus. P, K contents were more in leaves of wheat and spinach as 
compared to stem while the reverse was true in the case of mustard, cucumber and 
radish. Except radish, all crops contained more Na in leaves as compared to any other 
part. Khan et al. (2003) taking the same wastewater in a preliminary study on 
morphophysiology and yield of spinach and fenugreek concluded that sewage 
wastewater application enhanced chlorophyll a, b and total chlorophyll contents, 
photosynthetic rate, photo synthetic water use efficiency, growth and yield of both 
crops. 
Salim et al. (1995) in Palestine studied the effect of root treatment of 
cauliflower, spinach, and parsley plants with Pb and Cd. They irrigated vegetables 
with sewage water contaminated by heavy metals and reported that both metal ions 
inhibited growth, with plants treated with Cd showing more symptoms of toxicity 
than Pb. Cd was more in the edible parts of the three treated plants whereas, Pb was 
more in cauliflower and spinach. Metal ion concentration and total metal content of 
treated plants increased with the increase of concentration of Cd or Pb ions. Metal ion 
concentration and metal uptake were higher in the plants treated with Cd than in those 
treated with Pb. Sharma and Habib (1995) while working at Bareilly on the effect of 
rubber factory wastewater on different cultivars of wheat, gram, pea, mustard and 
barley observed that in the straw and dried hay of all the cultivars irrigated with 
wastewater, concentration of Mg decreased and also percentage of Ca, K, PO4 and 
total nitrogen, crude protein was significantly lower in the seeds of wastewater treated 
gram. However, concentration of Na, Fe, SO4, total carbohydrates, total ash and 
chloride increased significantly. Singh and Bahadur (1995) at Pantnagar (Uttaranchal) 
germinated seeds of various crops in 0-100% distillery wastewater and observed no 
germination in 100% wastewater. Maize, rice, mustard, blackgram, pigeonpea, 
soybean and chickpea seeds germinated in 20% concentration whereas, greengram 
seeds germinated normally in 50%. Vazquez-Mantiel et al. (1995) at Apartado 
(Mexico) in a glass house experiment applied various concentrations of treated 
effluent from a trickling filter wastewater treatment plant to soybean and maize under 
controlled conditions. Both crops responded well to effluent irrigation but with 
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important differences between them were in terms of grain dry matter and nitrogen 
uptake. They also reported improvement in N utilization when an effluent deficit 
vegetative stage was followed by full effluent irrigation applied during the 
reproductive period. 
Eid and Shereif (1996) while working in Egypt irrigated barley, broad bean 
and rape by (I) raw wastewater (untreated), mixed with fresh water (1:2) for a final 
EC of 5 ms cm''; (II) raw wastewater, mixed with fresh water (1:6) for a final EC of 2 
ms cm'' (III) treated wastewater mixed with fresh water (1:6) for a final EC of 7 ms 
cm"'. The dry matter yield was greatest from raw wastewater mixed with fresh water 
(1:6). They reported that the effect of irrigation was insignificant on Zn and Cu 
contents of plant. However, the content of P, N, Mn and Ni increased significantly 
with mixed wastewater compared to fresh water. The contents of Fe and Mn in straw 
were significantly greater than in grain or seed while the contents of N, P and K were 
significantly greater in grain or seed than in straw. Shalaby et al. (1996) at Shebin el 
Kan (Egypt) performed a green house experiment to study the effect of different types 
of waters (sewage wastewater, oil and soap company and superphosphate factory) on 
the mineral composition of anise, caraway, coriander, spearmint, geranium and sweet 
basil. These plants were irrigated by three dilutions of each waste (1:1, 1:3, 1:6) with 
tap water till the ripening stage. They reported that application of sewage effluent and 
fertilizer waters especially at diluted treatments increased the N and P concentration 
of the plants. But oil and soap wastewater decreased their contents at all added 
concentrations. P content in different plants was promoted due to higher P contents of 
the fertilizer waste added to the soil. They also observed that lower dilutions of the 
fertilizer waste decreased K, Mg and N per cent of the plants. Fe, Mn, Zn, Cu, Pb, Co, 
Ni and Cd were enhanced according to either the source or the concentration of the 
applied wastes. 
Shahalam et al. (1998) at Irbid (Jorden) carried out an investigation to test the 
feasibility of using effluent of a rotating biological cofactors (RBC) unit treating 
wastewater. The objective of this study was to monitor the impact of wastewater 
irrigation on the soil percolating water, crop growth and the pathogenic condition 
within the immediate vicinity of wastewater application. Lucerne, radish and tomato 
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were irrigated with fresh water and wastewater with fertilizer and no fertilizer. Yield 
from the wastewater with fertilizer were compatible to those of freshwater with 
fertilizer in most of the cases. Srikantha et al. also in the same year at Bangalore 
conducted a pot experiment on fench beans and amaranth using various concentration 
of dairy wastewater. In both crops germination percentage decreased with the increase 
in the quantity of wastewater. It was 87.5 and 95.5% in french beans and amaranth 
respectively in raw wastewater. Dry matter yield of the two crops was lowest in raw 
wastewater and highest in control and decreased with increase in concentration of 
wastewater. Compared to control, plant nutrients viz. N, P also decreased due to 
effluents. The decrease in the uptake of these nutrients was attributed to the high 
concentration of Na in the effluent, which interfered with their uptake. In both crops, 
Na content increased with increase in concentration while Mg and Ca content were 
decreased. 
Ghosh et al. (1999) at Patna (Bihar) studied the effect of various 
concentrations of distillery effluent on germination of pea, gram and blackgram. They 
observed that percentage germination increased up to 75% effluent in gram and pea 
and up to 50% in blackgram. Plumule and radicle growth generally increased up to 
50% effluent and than decreased while root- shoot ratio decreased with increasing 
concentration. 
Ahmad et al. (2000) in Pakistan analysed fertilizer effluent, evaluated 
hazardous pollutants and studied their effects on crop plants and vegetables including 
spinach and fenugreek. The samples were analysed for pH, conductivity, hardness, 
alkalinity, dissolved solids, suspended solids, COD, chlorides, sulphates, sulphides, 
phosphates, silica, chlorine, ammonia, Ca, Mg and Fe. Trace metals like Cd, Cr, Co, 
Cu, Pb, Mn, Ni, Sn and Zn were also checked. Effect of these effluents on crop plants 
and vegetables was observed and remedial measures for the hazardous pollutants of 
these effluent were suggested. 
Kanwar and Sandha (2000) while observing the waste pollution injury to 
vegetable crops reported that wastewater was contaminated with trace elements like 
Pb, Cd, Ni, Hg, U, Cu, Zn, B, Co, Cr, As, Mo, Mn etc. Many of these are non 
essential and are toxic to plants, animals and human beings. They also reported the 
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sensitivity of vegetable crops like lettuce, parsley, cabbage, onion, spinach, carrot, 
fennel, radish, tomato to water pollutants. They suggested that wastewater may be 
suitable for irrigation if the content of toxic elements were reduced considerably. 
Sundarmoorthy et al. (2000) at Annamalainagar (TN) studied the effect of varying 
concentrations (1, 2.5, 5, 10, 25, 75 and 100) of fertilizer factory wastewater on 
greengram, blackgram, groundnut, soybean, paddy and sorghum. It was reported that 
percentage of germination, seedling growth and dry weight of all seedlings showed a 
gradual decline with increase in wastewater concentration. The best germination, 
seedling growth and dry weight was observed at 10% concentration, beyond which 
seedling growth decreased positively. Thus, they proposed that the wastewater could 
be used safely for irrigation purpose after proper dilution. 
Chow et al. (2001) in Israel evaluated the potential of butterhead lettuce and 
Chinese cabbage using municipal wastewater in deep flow technique. They had grovm 
seedling with three treatments: primary effluent, secondary effluent and half strength 
nutrient solution (control). Crop growth measurements, tissue minerals and quality of 
primary and secondary wastewater effluents were tested at 16 and 32 days after 
transplanting. Phytotoxicity symptom on Chinese cabbage grown in primary as well 
as secondary effluents were observed, while butterhead lettuce grew to maturity with 
little adverse effects. However, the yield of butterhead lettuce and Chinese cabbage 
were lower than those grown in control. Primary effluent produced the lowest yield. 
Baskar et al. (2003) observed eco-fiiendly utilization of distillery effluent in 
agriculture. They reported that wastewater was of purely plant origin and contained 
large quantities of soluble organic matter and plant nutrients. It does not contain any 
toxic elements/compounds. The only problem was excessive BOD, COD and EC 
which could be overcome either by proper dilution with irrigation water or by 
preplant application to give sufficient time for the natural oxidation of organic matter. 
They observed that distillery effluent significantly increased the yield of sorghum, 
wheat, maize, sugar cane, cotton, groundnut, sunflower, soybean, sugarbeet, potato 
and other vegetables, forage crops and tree crops, but had adverse effect on legumes 
and no effect on rice. 
Cui et al. (2003) studied the treatment and utilization of septic tank effluent to 
(i) use the nutrients in the treated effluents for hydroponic cultivation of vegetables 
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and to purify wastewater further by the plant root system and (ii) to cuhivate 
ornamental plants and other commercial flowers in vertical flow constructed wetlands 
surface for enhancing its economic benefit and aesthetic value. The results indicated 
that using treated effluents for hydroponic cultivation of vegetables could reduce the 
nitrate content in vegetables. Results also indicated that vertical flow constructed 
wetlands surface could be used for ornamental plants or other commercial flowers. 
Dengyi and Youbao (2003) studied the effects of irrigation with wastewater on the 
growth and scavenging system of activated oxygen in moong and radish. They 
irrigated the seedling for 14 days, and the irrigated water was changed every 2 days. 
After sewage irrigation the activated oxygen eliminating system of the crop was 
damaged and activities of peroxidase, superoxide dismutase and catalase were 
decreased. Lone et al. (2003) conducted an experiment in Pakistan to investigate the 
effect of irrigation with sewage and tubewell water or mixtures of both contaminated 
with heavy metals and micronutrients on okra and spinach. The application of the 
water types affected the Ni, Cd, Cr and Pb contents in okra fruits. The highest amount 
of heavy metals in spinach leaves was found in the treatment with sewage water, and 
the lowest was with tube-well water. In spinach Ni content was the highest, followed 
by Pb, Cr and Cd. They reported that all micronutrients increased in leaves and fruits 
treated with sewage water. Ni, Cd, Pb and Cr were higher than the permissible limits 
in the edible parts with the application of sewage water and a mixture of tube well and 
sewage water. 
Turkman et al. (2004) conducted an experiment in Turkey to study the sewage 
as a substitute for mineral fertilization (MF) of spinach at two growing periods. They 
assessed the suitability of sewage sludge to supply some essential plant nutrients, 
observed the optimum application rate of sewage sludge; and evaluated and compared 
the effect of mineral fertilizers and sludge on the yield and chemical composition. 
They had sown the spinach seeds for spring production on 30 April 2000 and for 
winter production on 26 September 2000. The plants were harvested on 27 June 2000 
and 10 May 2001, respectively. The treatments comprised : no fertilizer; 100% 
sewage sludge (SS). Winter production gave higher spinach yields than spring 
production. In winter production, the treatment with 100% MF produced the highest 
spinach yield. In spring production, 50% SS + 50% MF and 75% SS + 25% MF gave 
higher yields than other treatments. There was no significant difference between 
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spring and winter production for dry matter percentages. Farmyard manure 
application had the highest dry matter in both seasons. The N content of spinach 
grown in spring production was higher than N contents in both production seasons. 
The macro and micro nutrient elements, and heavy metal contents were generally 
higher in spring production than in winter production. N, P and K contents of leaves 
grown with mineral fertilizers were more. For macro elements, mineral fertilizer alone 
was followed by sewage sludge alone, and combination of sewage sludge and mineral 
fertilizer. 
Lonigaro et al. (2007) at Bari (Italy) studied vegetable crop under tertiary 
membrane filtered municipal wastewater as an alternative to natural fresh water. They 
considered membrane filtration as a viable technology to reclaim wastewater for 
irrigation, and the microbial and heavy metal impact on crops and soil was also 
studied. They used the water which produced for drip irrigation on three vegetable 
crops in succession processing tomato, fennel and lettuce and compared with 
conventional water. It was observed that microbial content of the soil and the crops 
did not show any relevant differences in relation to the two types of water and the 
measured values and filtered wastewater never caused an increase of bacterial 
concentration in the soil nor on edible part of crops. Therefore, they suggested that the 
tertiary filtered municipal wastewater can be considered a valid alternative source of 
water for vegetable crop irrigation. 
2.2 Effect of wastewater on other crops 
In addition to vegetables cited above, wastewater was also tested on other 
crops and a brief account was given of the work carried out up to 1990. Therefore, 
mention may be made of Martin et al. (1980) at Minnesota (USA) using municipal 
wastewater on maize and reed canary grass, Reynolds et al. (1980) at Utah (USA) 
testing treated municipal effluent on alfalfa; Satterthwaite and Longnecter (1984) in 
USA spraying treated effluent on a golf course and two other areas; Goetz et al. 
(1985) at Berlin (Germany) irrigating orchard grass, dasnel maize, summer barley and 
winter rye with sewage wastewater and Vimal and Talashikar (1985) at Delhi 
recycling the sewage waste in agriculture. Similarly, Adhikari and Sahu (1986) at 
Keonjhar (Ohssa) studied the effect of disiilkry wastewater and blue green alga 
(Anabena) on rice; Bhatnagar et al. (1986) at Ahmedabad observed the pre-soaking of 
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rice seeds with sugar factory effluent, Butler et al. (1986) in USA worked on maize 
and a mixture of oats and ryegrass using either dairy wastewater or commercial 
wastewater and Oran and DeMalach (1987a) at Beer Sheva city (Israel) examined the 
cotton with domestic wastewater. Again Oran and DeMalach (1987b) applied sewage 
wastewater to cotton, wheat, alfalfa and maize,Veer and Lata (1987) at Meerut used 
municipal wastewater on wheat; Papadopoulos and Stylianou (1988a) at Nicosia 
observed the municipal treated effluent in trickle irrigation. In continuation they 
(1988b) also evaluated secondary treated effluent on Sudax crop, ragi and barley crop 
was tested by Chaudhary et al. (1989) at Darbhanga using paper mill effluent; 
Deivasigamani et al. (1989) at Annamalainagar worked on raw textile factory 
wastewater and blackgram. Lately, Khan and Varshney (1989) at Bareilly studied the 
effect of wastewater of synthetic and chemical Ltd. (rubber factory) on some forage 
crops. During the same year, Thukral applied wastewater discharged from Khetri 
copper plant, Khetrinagar (Rajasthan) on greengram, cluster bean, pearl millet, wheat, 
barley and mustard, while Vijyakumari and Kumudha (1990) worked at Erode with 
distillery wastewater on black gram and greengram and Subramanian et al. (1990a) 
grown blackgram under distillery wastewater at Annamalainagar. In another 
experiment (1990b) they used green gram while Kumar et al. (1990) worked out the 
impact of pharmaceutical factory wastewater on mustard. Again Kumar et al. (1991) 
at Ahmedabad (Gujarat) tested mustard in the field after subjecting the seeds to pre-
soaking treatment with 10, 20, 30, 40, 50 and 60% concentrations of pharmaceutical 
factor}' effluent. 
Bishnoi and Gautam (1991) while taking 20, 50, 75 and 100% concentrations 
of dairy effluent studied some kharif crop plants at Bikaner (Rajasthan). They 
reported that increasing effluent concentration decreased the percentage of 
germination. Misra and Behera (1991) at Berhampur studied paper mill effluents (25, 
50, 75 and 100%) and observed that growth of rice seedlings was decreased with 
increase in time of exposure as well as concentration. Also in 1991, Neilson et al. in 
Canada studied the response of wastewater to soil and sweet cherry while applying 
combinations of well water and municipal wastewater and nitrogen @ 0, 68, 136 g as 
NH4NO3 tree' year' . Wastewater irrigation increased leaf Mg and Ca and growth was 
also increased after two years but not after 5 years by wastewater. 
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During the same year, Shukla and Pandey (1991) at Raipur (Chattisgarh) 
soaked the seeds of maize, blackgram and greengram in 25, 50, 75 and 100% 
concentration of wastewater from an oxalic acid manufacturing plant. Seed 
germination in three crops decreased from 100% under distilled water to 86, 32 and 
55% respectively in 25% and 52, 12 and 15% respectively in 50% wastewater. In 
another study, also at Raipur, by Goswami and Naik (1992) while evaluating the 
effect of fertilizer factory effluent on cluster bean observed improvement in 
chlorophyll content under \0% effluent whereas it was adversely affected under 
higher concentration and virtually a negative correlation was observed between the 
two. Shivhare and Pandey (1995) at the same place taking the concentrate effluent and 
crops like gram, moong, wheat, maize and paddy rice reported that percentage 
germination and seedling height was concentration dependent, with 40% showing a 
favourable effect while 100%) proving deleterious. 
Swaminathan and Vaidheeswaran (1991) at Coimbatore (TN) noted that 
diluted dyeing factory effluent increased the physiological components of groundnut 
seedlings whereas pure effluent decreased the chlorophyll, carbohydrate and protein 
contents. Similar effect was also found for seed germination and seedling 
development. 
Arora and Chhibba (1992) collected samples of soil and leaf of wheat as well 
as rice from farmers fields in Punjab along a water drain in which the sewage water 
was discharged. The concentration of Cu and Fe in wheat leaves was found to be 
higher while that of Mn and S was less but rice leaves had higher concentration of Zn, 
Cu, Fe as well as of Mn. 
Al-Jaloud et al. (1993) observed the impact of wastewater on growth of maize 
and sorghum in a pot experiment at Riyadh (Saudi Arabia). They reported that in 
different water salinity treatments mean dry matter yield and mean biomass for maize 
was 28.9 to 38.3 and 159 to 210 g pot'' respectively and for sorghum it was 34.9 to 
50.4 and 162 to 212 g pot" . They also reported that with increase in water salinity, 
crop yield showed significant increase which was attributed to the presence of 
nutrients in wastewater, especially N. They were of the opinion that decrease in plant 
yield at a water salinity level of 2330 mg litre"' (TDS), indicates that high water 
salinity can neutralize the beneficial effects of nutrients present in wastewater. 
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As pointed out earlier, sufficient work on wastewater was also undertaken at 
Aligarh by Inam and his associates while taking other crops. It may be pointed out 
that a long term research work was carried out at the specially established research 
field adjacent to Mathura oil refinery situated at a distance of 70 km fi-om Aligarh. 
The work was carried out for fifteen years on different corps along with the study of 
soil and water quality and a continuous monitoring of heavy metals build up in the 
soil and their accumulation in crop produce. The following references will cover part 
of the data generated which was published in national and international journals. 
Mention may be made of Aziz et al. (1993a) who studied the refinery wastewater on 
nitrate reductase activity (NR activity) of greengram. The experiment was conducted 
at the experimental farm of Mathura oil refinery, Mathura (U.P.) and reported that 
wastewater contained considerable amount of nitrate nitrogen, phosphate, potassium, 
calcium, chloride, sodium, sulphate as compared to ground water, and stimulated NR 
activity at all the sampling stages. Another field experiment at the same place was 
also conducted by them (1993b) on lentil. After two years of study, it was found that 
application of wastewater increased the vegetative characteristics. However, no 
significant difference in seed yield was observed during first year, but in the following 
year, the wastewater significantly increased the seed yield by 6.4% as compared to 
ground water. Aziz et al. (1994) further conducted a field study to evaluate the 
irrigational utility of treated refinery effluent. They studied growth and yield of three 
cultivars of triticale and one of wheat and also analysed the effluent, ground water and 
soil samples for various physico-chemical properties. Treated effluent increased the 
growth and yield parameters of the two crops and triticale performed better than 
wheat. They again (1995) conducted a field experiment on four cultivars of wheat and 
reported improvement in growth and yield parameters. In continuation, (1996a), Aziz 
e( al. studied the long term effects of the same water on six crops and soil. 
Wastewater irrigation resulted in increased seed yield of wheat, triticale, chickpea, 
lentil and pigeonpea except that of summer moong, in which 16.6% more seed yield 
was obtained in fresh water. Aziz et al. (1996b) ftirther observed another leguminous 
crop, berseem for two consecutive years. The data revealed that wastewater treatment, 
fertilizer treatment and their interactions improved the growth. While taking the same 
effluent earlier Inam et al. (1993) conducted a field experiment to compare the treated 
effluent and groundwater on seedling emergence of triticales (Delfin, Telfin 419 and 
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Driera) and wheat (HD-2004). No adverse effect on seedling emergence as compared 
to ground water was observed. In the following year, Samiullah et al. (1994) in two 
years experiment studied the refinery effluent on wheat and reported that yield 
characteristics and final yield ha"' of crop was enhanced by effluent irrigation. 
Siddiqui et al. (1994) carried out a three year experimental study to evaluate the 
response of moong to treated effluent. Contrary to earlier findings, shoot length, root 
length, nodule number, fresh and dry weight and yield attributing parameters 
including seed yield, showed poor response to refinery wastewater as compared to 
ground water. 
Hayat et al. (2000) also at Aligarh in continuation grew mustard in a split plot 
design under same treated effluent for two years. They (2002) ftirther studied the long 
term effect of same wastewater on crop yield, heavy metal accumulation in soil and 
plant. The seed yield in mustard and wheat irrigated with wastewater, was more 
while, the seed yield in moong was not consistent. Hayat et al. (2007) more recently 
studied the performance of pigeonpea, in the presence and absence of Bradyrhizobium 
sp. and reported that treated effluent was rich in essential nutrients, therefore the crop 
exhibited better growth and produced more seeds. The nodule number, their fresh and 
dry weight was also significantly improved in the presence of biofertilizer. 
Javid et al. (2003) also at Aligarh while working on sewage wastewater 
reported that it promoted the growth and yield. N, P and K level was higher in 
wastewater irrigated plants while grain protein and carbohydrate was lower. More 
recently Javid et al. (2006) studied the photosynthesis, growth and yield response of 
blackgram to sewage and thermal power plant wastewater. They reported that 
wastewater increased chlorophyll content, net photosynthetic rate, photosynthetic 
water use efficiency, leaf number, leaf area and plant dry mass. Earlier Shah et al. 
(2004) also at Aligarh studied the response of Triticale under sewage wastewater on 
the basis of growth, leaf NPK, net assimilation rate, yield and quality of five triticales 
and one locally popular dwarf wheat as check. They reported that sewage wastewater 
proved better than ground water. Among the cultivars, Delfin performed best 
followed by TL-419 (Indian) and wheat while Juppa 'S ' and Mula 'S ' gave the 
poorest response. TL-419 also surpassed the wheat check in grain quality. Again in 
2005, Shah et al. conducted a field experiment to study the comparative effect of 
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sewage wastewater and ground water and of six doses of nitrogen (Neo, N90, N120, 
Ni5o, N180 and N210) on the performance of triticale, TL-419. Among nitrogen doses, 
N120 proved best for growth, yield as well as grain quality. Recently Akhtar et al. 
(2006) studied the effective use of thermal power plant wastewater (TPWW) as a 
source of irrigation and nutrients in productivity of linseed. The crop was 
supplemented with No, N45, Neg and N90 along with uniform dose of P and K at the 
rate of 30 kg h'' each and reported that the application of IFF W proved advantageous 
over GW, enhancing, growth, seed yield and oil content. 
Kannabiran and Fragasam (1993) at Fondicherry observed that the seeds of 
black gram failed to germinate in undiluted distillery effluent. At 75%, radicles 
emerged, but further growth was inhibited from the third day, while at 50% the roots 
were very short and devoid of laterals, whereas at 25% roots showed few laterals. 
10% showed slightly lower value than control, 1% and 5% concentration. Higher 
germination percentage and increased chl-a, chl-b and total chlorophyll contents were 
recorded in 2.5% and carotenoid content was maximum at 5%. Tiwari et a!. (1993) at 
Varanasi studied the effect of distillery effluent on Indian mustard and found that seed 
germination and early growth decreased with increasing the effluent concentration 
and at higher concentration it was completely suppressed. Vijayarengan and 
Lakshmanachary (1993) while using textile mill wastewater on green gram at 
Annamalainagar reported that germination percentage decreased with increase in 
concentration. Wastewater at 5% and 10% increased the growth and dry weight of the 
seedlings while higher concentration caused deleterious effect. 
Butorac et al. (1995a) at Croatia in a field trial studied the response of 
sugarbeet giving (a) no fertilizer (b) lime stone, micronutrients and nitrogen fixing 
bacteria (c) NPK-fertilizer (d) wastewater containing N, P, K, Ca, Na, micronutrients 
and organic matter (e) NFK + wastewater (f) NFK + b + wastewater or (g) b + 
wastewater. They noted that root and sugar yield were highest with (d), while sugar 
content was highest with (a). They further reported (1995b) the effect of the same 
treatments where wastewater application did not affect contents of heavy metals, 
boron or other toxic elements in roots or leaves. The treatment (b) had only a slight 
mitigating effect, as soil conditions were generally favourable for plant growth. 
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Goyal et al. (1995) at Hissar applied distillery wastewater on moong, which 
increased the dry matter production and N and P uptake but dry matter decreased 
markedly when quantity of wastewater was enhanced. Cisneros et al. (1995) used 
wastewater from Mexico valley, which was a mixture of domestic, industrial 
discharges and rainfall for irrigation purposes. Crop yields were above the national 
average particularly for maize and lucerne. Singh et al. (1995) at Rishikesh (U.P.) in a 
field experiment irrigated sorghum, maize and cowpea with treated sewage water and 
effluent from a pharmaceutical factory or water from a tube well applying 0, 50, 100 
or 150 kg N + 60 kg P + 40 kg K ha"' or no fertilizer. They reported that sorghum ajid 
maize fodder yields were highest with treated sewage and lowest with tube well 
water. They also reported that fertilizer application increased fodder yields. Response 
of NPK application was consistent in tube well irrigated maize and sorghum but 
variable in treatments irrigated with treated sewage or factory effluent. Cowpea 
fodder yield was not affected by irrigation source or fertilizer application. Shukla and 
Moitra (1995) at Shilong, soaked the seeds of gram, greengram, maize and rice, in 0, 
25. 50, 75 and 100% concentration of steel plant wastewater. Seed gemiination and 
seedling growth of all crops decreased with increase in concentration. 
Anjana and Rao (1996) at Jabalpur made an investigation for studying the 
effect of water coming out from wastewater treatment plant of Shaw-Wallace gelatin 
factory, main drain, dicalcium phosphate plant, water from Naramada river and found 
that percentage germination and seedling growth of some crops were improved. 
Elsokkary and Sharaf (1996) at Nile delta (Egypt) studied two cultivated regions 
representing alluvial (Region No. 1) and Lacustrine (Region No. 2) soils. The source 
of water irrigation in Region No. 1 was a mixture of agricultural drainage, and 
domestic effluents and that of Region No. 2 was a mixture of agricultural drainage, 
domestic and industrial effluent. However rain was another soiu-ce of water in the 
winter season. Samples of water, soils and different plant species were collected in 
two crop seasons. The concentrations of Zn and Cd in the waters of the two regions 
were, on an average, 20 and 11 mg 1'' in Region No. 1 and 16.0 and 12 mg 1'' in 
Region No. 2 respectively. Metal contents in leaves of the different plant species 
varied markedly. Capacity of plant species to take up metal ions from the soil also 
varied according to plant species. The resulted bioaccumulation ratios of Zn in plants 
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followed the sequence; chard > spinach > lettuce > parsley > roquette coriander > 
clover. 
Kumar et al. (1997) at Bhavnagar (Gujarat) moistened the seeds of green gram 
and black gram with 10, 25, 50, 75 and 100% of dairy wastewater and observed a 
gradual decrease in seed germination percentage, seedling growth and pigment 
contents at 25%. Bera and Saha (1998) at Mohanpur studied the effect of different 
concentrations of tannery effluent on pigeon pea and rice and found that seedling 
growth was stimulated under 10% and 5% concentration respectively. 
Paliwal et al. (1998) examined the effect of different concentrations of sewage 
water (0, 25, 50 and 100%) on growth performance, biomass and nutrient 
accumulation of Anjan growing under nursery conditions. Biomass and leaf-area of 
the seedlings treated with 50% showed an increase over control. Photosynthetic 
pigments and total soluble protein decreased with increase in concentration. At the 
higher concentrations, the accumulation of both nitrogen and phosphorus in different 
components of seedlings was in order: root > stem > leaves. The accumulation of 
heavy metals resulting from short term application of sewage water was in order: Mn 
> Zn > Pb > Cu. The sewage water concentration at 75% and 100% retarded the 
growth of seedlings and only the 50% concentration was suitable for growth, Yamada 
el al. (1998) in Japan, sprayed wastewater obtained from disinfection of rice seeds 
(containing two fungicides viz. pofurazoate and oxolinic acid and an insecticide 
fenitrothion) on soil in nursery boxes. They observed that there was no appreciable 
effect on seedling emergence using dilutions 0, 2, 5, 10 or 20 times. However, 
seedling growth, especially root extension was suppressed at dilution rates lower than 
10 times. 
Tripathi et al. (1999) tested the industrial effluent (IW) and contaminated well 
water (CWW) observed no adverse effect of IW on wheat germination, whereas 
germination of cowpea, sesame and Indian goose berry was decreased. Germination 
of all species was generally decreased by CWW, particularly at higher concentration. 
Effect of IW and CWW varied with species and concentration. Seedling height, 
except of wheat in IW, was decreased by 100% IW or CWW, whereas lower 
concentrations sometimes produced an increase. Germination and seedling growth 
were inhibited in sesame. 
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Adjei and Rechcigl (2002) conducted an experiment on bahiagrass to compare 
the agronomic value of aerobically digested slurry biosolids, lime stabilized slurry 
biosolids, lime-stabilized cake biosolids and ammonium nitrate all applied to supply 
90 or 180 kg N ha'' vs. unfertilized control. They observed, the slurries and 
ammonium nitrate gave 50% or more forage and higher spring crude protein (CP) 
concentration. The CP was improved with ammonium nitrate in early spring, after 
which, there were no consistent differences in CP or in vitro organic matter digestion. 
Forage was deficient in K and Mn in summer across treatments. Lime stabilized 
biosolids could boost bahiagrass production in Florida because it was lower in 
pathogens, inexpensive, and provided lime and organic matter. Singh et al. (2002) at 
Lalkua (Uttaranchal) assessed agropotentiality of the effluent coming out from 
century pulp and paper mill, on wheat crop grown in two soils differing in texture 
with different effluent concentration. Diluted effluent increased the chlorophyll 
content, plant height, shoot and root biomass, grain yield, protein, carbohydrate and 
lipid contents in grains, while undiluted effluent caused inhibition in plant growth 
resulting in a sharp decline of yield. During the same year Zein et al. in Egypt 
investigated the effect of (Wi) Nile water, good quality water (W2) mixed water, 50% 
Nile water + 50%) WW and (W3) WW, poor quality water, on the content of some 
heavy metals (Pb, Mn, Cu, Zn, Cd and Ni) and four sugarbeet cultivars. Maribo cv. 
recorded the highest sugar yield at the two seasons for Wi and W2 while Dobreach 
(local cultivar) was superior in its root yield for these water quality treatments in the 
first season, while Maribo cv. was superior under (W2) and (W3) in the second season. 
Jordahl et al. (2003) studied waste management using trees, wastewater, 
leachate and groimdwater irrigation. Phytoirrigation provides a relatively inexpensive 
means of moving impaired water to a planted area or forest for treatment, greatly 
expanding the ways in which phytoremediation can be used. They designed the 
irrigation system designs based on trees and were particularly advantageous because 
of the high water use, deep rooting, and low operations and maintenance coasts of tree 
systems. They introduced the rationale for using many trees with irrigation to manage 
contaminated water. They also identified key limitations and described example 
projects such as municipal wastewater reuse at Woodbum, Oregon (USA), Swedish 
biomass production using wastewater and spray irrigation of New Zealand, pine trees. 
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Gori et al. (2004) carried out a three years study to evaluate the possibility of 
reusing reclaimed wastewater (RWW) in Pistoia's nursery area (Italy). The research 
was aimed at: (1) identifying the best tertiary treatment facilities in order to make the 
effluent in compliance with the current Italian legislation for RWW reuse, (2) 
evaluating the effects of RWW irrigation on some ornamentals, (3) quantifying the 
fertilizing value and environmental impacts of RWW irrigation. Results indicated that 
filtration and disinfection with peracetic acid plus UV radiations were very effective 
in indicator bacteria removal, as a matter of fact, neither Escherichia coli nor total 
conforms were detected in any samples of pilot plant effluent. Results of an 
agronomical experiment indicated the suitability of the tertiary effluent for the 
irrigation. At the end of the growing season a higher (or equal) total dry mass was 
detected in RWW irrigated plants than well water irrigated ones. Finally, they 
considered the tertiary effluent as an important source of fertilizer for container grown 
plants. 
Mohammad and Mohammad (2004) in Jordan evaluated the effect of irrigation 
of forage crops with treated wastewater on the yield and nutrient uptake. They planted 
maize for two seasons while vetch for one and irrigated plots with either potable water 
(PW) or wastewater (WW) in amounts according to the following treatments : (i) 
PW equivalent to 100% class A pan reading (PW); (ii) WW equivalent to 100% class 
A pan reading (WWi); (iii) WW equivalent to 125% class A pan reading (WW2); and 
(iv) PW with application fertilizer equivalent to N and P content of WWi (PWF). The 
plant analysed for dry weight, yield, yield components, and nutrient uptake. WW 
irrigation increased the yield of both maize and vetch. Both rates of WW application 
had similar effect on crop production. Supplemental fertilizer application with the 
potable water irrigation (PWF) enhanced vetch production and increased grain weight 
for maize in the second season. They observed that the uptake of nutrients by maize 
increased with WW irrigation while the uptake by vetch increased with both WW 
irrigation and PW supplemented with fertilizer application. They concluded that 
secondary treated WW could be a source of plant nutrients and can be reused for 
irrigation to increase forage crop production. 
Khan et al. (2006) at Ghaziabad (U.P.) studied the ecotechnological reuse of 
distillery effluent as soil amendment and its biodynamic effect on growth and 
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physiology of sugarcane. They observed increase in germination percentage, number 
of nodes and intemodes, girth, height, mellable cane per clump, chlorophyll content 
and yield over control. 
Tabassum et al. (2007) at Aligarh studied the utility of city wastewater (50% 
and 100%WW) as a source of irrigation water for mustard cv. Varuna over a 
groundwater. They also supplied different doses of K (KQ, Kio, K20 and K30 kg ha" ) 
with a uniform basal dose of 80 kg N ha'' and 30 kg P ha"' and the wastewater gave 
better response for leaf area, photosynthetic rate, stomatal conductance, 
photosynthetic water use efficiency, leaf NPK contents and seed yield. They also 
concluded that physico-chemical characteristics of wastewater met the irrigational 
quality requirements and most of them were within permissible limits. 
2.3 Trigonella foenum-graecum and NPK fertilizers 
Considerable work has been done on fenugreek and spinach while taking NPK 
as fertilizers under normal irrigation water. Therefore, references from 1990 onwards 
only were briefly reviewed here first for feugreek and later for spinach to have an idea 
about the requirement of NPK without wastewater. 
Verma et al. (1991) studied the response of fenugreek to N and P at Agra 
(U.P.)where seed yield was increased from 1.63-1.64 to 2.14-2.16 t ha"' during the 
years 1984-86 with 20 kg N ha"', and the yields could not be enhanced further with 
40-60 kg N ha"'. Increasing P2O5 rates from 0, 20, 40 and 60 kg ha"' increased the 
yields from 1.56-1.58 to 1.92-2.04 t ha"'. It was also noted that flowering was delayed 
with higher P rates while N had no effect. Bhati (1993) in a field experiment on loamy 
sand at Jobner (Rajasthan) irrigated at (IW: CPE) rafios of 0.4, 0.6, 0.8 or 1.0 and 
given 0, 20, 40 or 60 kg P2O5 ha"' as superphosphate observed that the seed yield 
increased with increasing irrigation ratio and it was also dependent on P. 
Banafar et al. (1995) applied nitrogen and phosphorus on chromustert soil of 
Madhya Pradesh. They conducted a field experiment with basal doses of 40 kg N (as 
urea) and 40 kg P (as superphosphate) ha"'plus 0, 20, 40, 60 or 80 kg N and 0, 15, 30 
or 45 kg P ha" . Two cuttings were taken each year. They observed that seed yield was 
increased from 806 to 1200 kg ha"' at 0 to 80 kg N ha"' while with P application rates 
of 0 and 45 kg ha"', increase was 776 to 1105 kg ha''. On the other hand, vegetable 
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leaf yield increased from 290 to 490 kg ha'' from 0 and 80 kg N ha'', respectively and 
from 270 to 375 kg ha'' at 0 and 45 kg P ha'' respectively. Detroja et al. (1995) 
performed a field experiment at Junagarh (Gujarat) giving 0-60 kg N as urea, 0-120 
kg P2O5 as single superphosphate and 0-30 kg K ha'' as muriate of potash. Seed yield 
was maximum with 30 kg N, 60 kg P2O5 and was also increased by 30 kg K. Fertilizer 
application also increased the uptake of the three nutrients. In other communication of 
Detroja et al, 1996 similar observations were observed imder N,P and K. During the 
same year, Bajiya and Pareek (1996) studied the correlation and regression in 
fenugreek at Ludhiana (Punjab) and reported that seed yield was positively correlated 
with number of pods plant'', number of seeds pod'', test weight, total P and S uptake. 
Field trial was conducted by Baboo (1997) at Lakhaoti (U.P.) on cutting 
management, nitrogen and phosphorus where seed yield was maximum with one cut 
at 20 days and with a combination of N + seed inoculation. They also reported that 
seed yield also increased with the rate of P in the second year. Kamal and Mehra 
(1997) at Jaipur (Rajasthan) applied 48 combinations of N and P and foliar sprays of 
NAA. Significant higher seed yield from 40 kg N, 90 kg P and NAA spray and also 
higher rotenoid (a naturally occurring insecticide) recovery from 20 kg N, 90 kg P 
ha'' and water spray were obtained. 
Gogoi et al. (1998) studied the effect of phosphorus fertilization in a field 
experiment on a sandy loam soil in Assam, giving 0-50 kg P2O5 ha'' where seed yield 
was increased up to 30 kg P2O5. Jat et al. (1998) in a field experiment in Rajasthan, 
studied the effect of phosphorus, sulphur and growth regulator on yield attributes, 
yield and nutrient uptake. They supplied 20 or 40 kg P2O5, 0-90 kg S ha'', and 
sprayed with water or mixtalol (triacontanol). Seed yield was highest with 40 kg P2O5, 
90 kg S and mixtalol. Halesh et al. (1998) in a field trial at Bangalore (Kamataka), 
supplied 0, 30, 60 and 90 kg ha'', as urea, 0, 30, 60 and 90 kg ha'', as single 
superphosphate with 50 kg ha'' as muriate of potash. Good plant growth and higher 
seed yield were obtained with the application of 60 kg N and 90 kg P2O5 ha''. The 
highest N rate delayed flowering and prolonged crop duration. Halesh et al. (2000) 
also conducted a field experiment to study the influence of N and P on growth, yield 
and nutrient content and the plants receiving 60 kg N were significantly superior and 
recorded maximum plant height, number of pods, dry weight and seed yield. They 
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also supplied the four P levels, with 90 kg P recorded significantly high plant height, 
maximum number of pods, dry weight and higher seed yield. Interaction of N at 60 kg 
ha'' and P at 90 kg ha"' was highly significant and concluded that 60:90:50 kg NPK 
were optimum for better growth, yield and nutrient content. Kumawat et al. (1998) at 
Jobner (Rajasthan) performed a field experiment in which fenugreek was grown at 
three row spacings, given three P2O5 treatments and seed inoculated with rhizobium 
or not inoculated. Optimum treatments for seed yield were 30 cm spacing, 40 kg P2O5 
ha'' and seed inoculation. 
Chaudhary (1999a) in a field experiment also at Jobner studied the response of 
N, P and rhizobium inoculation. Application of 40 kg N ha'' significantly increased 
the growth and yield. Similarly, P at 40 kg ha'' produced significantly higher yield 
attributes. He fiarther studied (1999b) seed rate and fertilizer application on sandy 
loam soil low in N and P and medium in K and was sown at rates of 15, 20, 25 or 30 
kg seed ha' , and given 0:0, 20:20, 20:40, 20:60, 40:40 or 40:60 kg N P ha"'. A 
seedling rate of 25 kg ha' gave the highest mean seed yield. However, maximum 
pods plant"' and straw yield were obtained with 15 and 30 kg seed ha"', respectively 
and 40:40 kg N P gave the highest seed yield. 
Sheoran et al. (1999a) conducted a field experiment at Hisar (Haryana) and 
studied the effect of sowing time and phosphorus application on growth and yield. 
They reported HM-65 was significantly superior to T-8 in terms of number of 
branches plant"', pods plant"' and test weight. These yield attributes resulted in higher 
seed and straw yields of HM-65. Similarly the crop sown on 1 December produced 
significantly increased yield attributes and yield. However, P had no significant effect 
on seed pod"', test weight and harvest index. Among the yield attributes, seed yield 
was highly associated with pods plant'' followed by seeds pod"'. They (1999b) further 
observed thermal efficiency of fenugreek genotype under different sowing 
environments and phosphorus levels reported that genotypes sown on December 1 
showed maximum thermal efficiency and phosphorus application also improved it. 
Sheoran et al. (1999c) also studied the effect of 3 sowing dates and 4 P rates. HM-65 
had higher yield and phosphorus use efficiency than T-8 in all treatments. Highest 
value for agronomic use efficiency of P was obtained when 30 kg P2O5 ha"' was 
applied to HM-65 under the 16 November sowing date. The physiological use 
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efficiency of P in crop sown on 16 November decreased with increasing P rates. In 
contrast, P at 60 kg P2O5 ha"' resulted in higher physiological use efficiency than the 
other P rates, in crop sown on 1 December. In another study (Sheoran et ai, 2000), 
they reported that delayed sowing up to 16 December, significantly reduced the 
number of days required by the crop for flowering and maturity compared with early 
sowing. Increase in P rates up to 60 kg ha'' significantly increased seed yield and 
productivity. Based on the pooled data, an increase in seed yield up to 19.4, 27.6 and 
28.8% was recorded under application of 30, 60 and 90 kg P2O5 ha"* respectively. 
Chhibba et al. (2000) carried out an investigation to assess the variation in 
different varieties of fenugreek (methi and metha) with respect to green yield and 
mineral composition. Green yield of methi was 1.9 to 3.7 times higher than that of 
metha, irrespective of the variety. The varieties of both showed considerable variation 
in their green yield as well as mineral contents. Nevertheless, methi had relatively 
higher content of minerals. Mavai et al. (2000) applied 20, 40 and 60 kg N ha"', and 
25, 50 and 75 kg P ha"', and sown at rates of 15, 20, 25 and 30 kg seed ha"' in a field 
experiment and reported that harvest index was highest with 20 kg N ha"' + 75 kg P 
ha"'+ 25 kg seed ha"'. 
Ram and Verma (2000) at Bichpuri applied P at 0, 26.4, 52.8 and 79.2 kg ha"' 
and K at 0, 24.9, 49.8 and 74.7 kg ha"', singly and in combination and concluded that 
52.8 kg P ha'' as single superphosphate and 24.9 kg potash ha'' should be applied to 
obtain maximum seed yield. Yield components were also favourably affected by the 
optimum P dose. During the following year (2001), Ram and Verma further studied 
the effect of 0, 60,120 and 180kgP ha'' and 0, 30, 60 and 90kgKha ' applied singly 
or in combination at Agra (U.P.). Yield attributing characters such as weight of seed 
plant'', nimiber and weight of seed pod'', test weight and seed yield were favourably 
affected by 120 kg P2O5 ha"'. Similar observations were noted with 30 kg K2O ha"'. 
Khiriya et al. (2001) conducted two years field trial at Hissar while taking 
farmyard manure at 0, 5, 10 and 15 t ha"' and P at 0, 20, 40 and 60 kg ha"' (as 
diammonium phosphate) and two cultivars reported that NLM was significantly 
superior to HM-65 in terms of plant height, leaf area index, leaf area duration, crop 
growth, except at 30 DAS. These growth parameters in the genotype NLM resulted in 
higher seed yield. Growth parameters and seed yield were also increased with FYM. 
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The increasing level of P up to 40 kg ha'' also significantly increased the growth and 
yield. They (2003) conducted another field experiment and observed the growth, yield 
and quality of same genotypes and suggested 40 kg P ha'' as the optimum dose. 
Selvarajan et al. (2001) studied the effect of Azospirillum in combination with 
different levels of N in a field experiment conducted at Coimbatore (Tamil Nadu), 
recommended FYM at 20 tonnes ha'', and N, P and K at 30, 25 and 40 kg ha"', 
respectively, as basal and another dose of 20 kg ha'' N at 30 days after planting. 
Nehara et al. (2002) at Jobner conducted a field experiment on loamy sand soil 
taking 4 levels of P and 5 levels of K. Increasing levels of P up to 40 kg ha"' and K up 
to 45 kg ha"' significantly increased the growth characters. Thapa and Maity (2003) 
conducted an experiment at Mondouri (West Bengal) and applied 30, 40 and 50 kg N 
ha"', 40 and 60 kg P ha"' with 0, 1 and 2 cuttings on the greens and seed yield. Greens, 
seed yield and 1000 seed weight were influenced by the number of cuttings and green 
yield was highest under 50 kg N ha"'. The highest green, seed yield and 1000-seed 
weight were given by 60 kg P ha"'. Green yield was highest with two cuttings, while 
seed yield and 1000-seed weight with no cutting treatments. They again (2004) 
carried out an experiment to study the effect of N (30, 40 and 50 kg ha"'), P (40 and 
60 kg ha"') and frequency of cuttings (0, 1 and 2) on seed yield of fenugreek. Most of 
the parameters increased with increasing levels of N and P. But with the increasing 
frequency of cuttings the seed yield was reduced. They concluded that the 1000-seed 
weight and seed yield were significantly influenced by different levels of N, P and 
number of cuttings. The highest seed yield and 1000-seed weight were obtained with 
50 kg N ha"' while seed yield and 1000 seed weight were maximum under no cutting. 
Datta et al. (2005) also at the same place studied the effect of different levels of 
N (0, 15, 30 and 45 kg ha"') and leaf cuttings (no cutting, 1 cutting at 30 DAS and two 
cuttings at 30 and 50 DAS). Plant height, different yield attributing characters, green 
leaf yield and seed yield were increased with the increase in nitrogen level. They 
noted that one cutting at 30 days did not affected vegetative and reproductive growth 
at later stages. Maximum seed yield was recorded with 45 kg N ha"' without leaf 
cutting followed by 45 kg N ha"' and one cut. The highest green leaf yield was 
receded with 45 kg N ha"' and two cuttings. 
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Kumar and Singh (2007) at Delhi observed P and cutting management. 
Application of 50 kg P2O5 ha'' being at par with combined application of phosphate 
solubilizing bacteria (FSB), vesicular arbuscular mycorrhiza (VAM) and 25 kg P2O5 
ha'' + PSB + VAM treatment. Application of 25 kg P2O5 ha"' along with PSB and 
VAM gave the maximum yield of green leaves. They also observed that the 
increasing number of leaf cutting from one to two, drastically reduced the plant 
height, pods plant'', seeds pod'', 1000-seed weight, seed yield, net and gross returns. 
However, there were significant improvements in branches plant'' and green leaf yield 
with increased cuttings. In their opinion for getting higher yields and returns from 
fenugreek, the crop should be left for seed production after 1 cutting of green leaves 
and fertilized with 25 kg P2O5 ha' + PSB + VAM. 
2.4 Spinacea oleracea and NPK fertilizers 
El-Fadaly and Mishriky (1990) studied the effect of N sources and its levels 
on growth, yield and mineral composition at Cairo University. They supplied N in 
various forms at 0, 20, 40 or 60 kg feddan'' (1 feddan - 0.42 ha). N increased yield 
and maximum being with 60 kg feddan''. They concluded that ammonium sulphate 
and urea enhanced the accumulation of N and P, compared with ammonium nitrate. 
Leaf K, Fe, Zn and Mn concentration was not influenced by N application. 
Ahmed (1991a) had grown seeds of spinach imder balanced nutrient solution, 
deficient in N or P. Fresh and dry weight of shoots and roots were decreased and the 
deficiency of N and P was more apparent in shoots than in roots with leaf area, leaf 
weight and growth rate being reduced. He also reported that N-deficient plants had 
relatively high values for net assimilation rate and specific utilization rate at early 
growth, while these two parameters remained high throughout the growth in P 
deficient plants. He concluded that deficiencies of the two elements were 
accompanied by changes in the chemical composition of plants especially the shoots. 
The level of total free amino acid was increased by P-deficiency but decreased by N 
deficiency. Ahmed (1991b) carried out a sand culture experiment in 1989 on the same 
cultivar while earlier in 1990 pot and field trails were carried out with 10 fertilizer 
treatments. In the sand culture experiment, absence of N resulted in increased P, Zn 
and soluble phenols in roots and P, Mn, soluble phenols, reducing sugars and total 
sugar in shoots and decreased N, Na and amino acids in both. Absence of P resulted in 
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increased Fe, Zn, Cu and soluble phenols in roots and Mn, phenols, reducing sugars 
and total sugars in shoots and decreased P, K and Na in both. He further reported that 
the absence of N and P reduced the content and rate of production of most plant 
constituents particularly during the later stages of growth while N and P deficiencies 
affected the distribution of different constituents between plant organs, the shoot 
being more depressed than the root. The specific absorption rate of most nutrients was 
significantly reduced in N and P deficient plants. In clay soil experiments N, P and K 
deficiencies resulted in lower plant growth and yield. Plant growth and yield was also 
increased by late application of fertilizers compared with early application. 
Gianquinto et al. (1992) had grown various vegetables on clay, peaty clay or 
sandy soil. Autumn lettuce was grown with no fertilizer, but other vegetables were 
treated with either no fertilizer or different doses of N, P2O5 and K2O, applied as 
mineral fertilizer, farmyard manure or a combination of both. They reported that 
nitrate contents on a dry weight basis decreased in order: Kohlrabi, tomatoes, autuimi 
grown lettuce, spinach and spring grown lettuce while on fresh weight basis it was 
highest in spinach and Kohlrabi and comparatively the highest nitrate contents were 
found in vegetables grown on peaty clay soil. In spring grown lettuce, nitrate content 
was increased by fertilizer and decreased by manure while in Kohlrabi controls gave 
the highest nitrate contents and manure treatments, the lowest while the other crops 
were not affected by fertilizer treatment. In autumn grown lettuce and kohlrabi, nitrate 
content was highest in the stems and in spring grown lettuce, it was highest in the 
external leaves. 
Eppendorfer and Bille (1996) studied the free and total amino acid 
composition of edible parts of beans, kale, spinach, cauliflower and potatoes as 
influenced by N fertilization and P and K deficiency. These vegetables were grown in 
pots under different nutrient levels which greatly affected DM yields and total N 
concentrations in all crops. Nitrate N-contents were low and little affected by nutrient 
levels in cauliflower and potatoes, while highest and strongly affected in spinach and 
Kale. Shingade and Chavan (1996) studied unconventional leafy vegetables as a 
source of minerals growing naturally in degraded forest areas or on agricultural waste 
land at Dapoli (Maharashtra) and compared them with math and spinach. Math, 
drumstick, lakala and bharangi were richer in P, K, Ca and Mg while drumstick was 
rich in S. 
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Shahidulla et al. (1997) conducted an experiment in Bangladesh on the effect 
of plant age and nutrient content of three vegetables, including spinach and Indian 
spinach. The protein, fat, fibre and P content increased gradually with the increase in 
the age of the plant from 2 to 4 months in case of Indian spinach. Yamazaki and 
Roppongi (1998) studied the effect of soybean meal (SM), composted pig manure 
(PM) and composted cattle dimg mixed with sawdust (CMS), applied singly or with 
chemical fertilizer on the yield and quality of spinach, lettuce and cabbage. Effect was 
related to the decomposition of organic nitrogen and was greater with SM than with 
either PM or CMS. They obtained better quality with PM and CMS than with 
chemical fertilizers. Leaf nitrate concentration was lower but sugar concentration was 
higher with PM and CMS than with chemical fertilizers. 
Carranca et al. (2000) conducted an experiment in Spain and studied the effect 
of 30, 60, 90 and 120 kg N ha'' on two spinach cultivars yield and quality particularly 
on N03-content in the leaves either for fi"esh consumption or for processing. The 
mean value of fresh weight, total N, exported N and NO3 were higher during 1995 
than 1996. P, K, Mg, Na, Mo, Ni and Zn contents were significantly different between 
two cultivars. Jakse and Mihelic (2000) compared organic and mineral fertilizers in a 
three year vegetable crop rotation field trial in Solvenia with 6 vegetable crops 
including spinach and farmyard manure (FYM), compost of hen's droppings, 
shredded wood and bark (COMP), and mineral fertilizer with one (NPK-2) or 2 
(NPK-1) application of N during the growing season. Yield produced in 3 years on 
plots applied with inorganic fertilizers was almost twice as high as with COMP and 
40% higher as compared to FYM. 
Reddy and Bhatt (2001) determined the contents of selected minerals in 
spinach and ambat chuka cultivated in soil fortified with different chemical fertilizers 
in pot experiment. Addition of NPK (150, 50 and 50 kg h"') along with iron and zinc 
(10 and 20 kg ha'' respectively) enhanced the concentration of Zn, Fe and Mg in 
selected green leafy vegetables while the concentration of Cu was not altered. K 
content in green leafy vegetables was not affected by addition of chemical fertilizers. 
Contents of K, Zn and Cu were significantly high in spinach, while Mg and Fe were 
markedly high in ambat chuka. Tomar (2001) conducted a field experiment in 
Madhya Pradesh to study the effects of cutting and 0, 20 and 30 kg P ha'', and 0, 4 
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and 8 kg Mg ha'', on the quahty of spinach leaves. In both years they reported that the 
green leaf yield was highest during the second cutting, while yields during the first 
and third cuttings were at par. Carbohydrates, proteins, P, Fe contents in dried leaves 
were highest during the third cutting where Ca and Mg contents were highest during 
the second and first cutting, respectively. 30 kg P ha'' recorded the highest yield, 
carbohydrate and protein content in leaves. The highest green leaf yield and 
carbohydrate and protein contents increased with the increase in Mg rate. 
Gent (2002) studied the growth and composition of salad greens as affected by 
organic compared to nitrate fertilizer and by environment. They noted that interaction 
of environment and form of fertilizer was examined for salad greens grown as 
successive plantings in unheated high tunnels. Eight species including eleven 
plantings of lettuce and spinach were grown either with a nitrate based complete 
soluble fertilizer in perlite or with an organic fertilizer, namely leaf compost: perlite 
1:1 v/v amended with cotton seed meal. They reported for each species that relative 
growth rate and specific leaf area varied with time of year. Fertilizer had little effect 
on growth rate but specific leaf area was generally greater for plants with organic 
fertilizer. For many species leaf concentration of NPK and Ca was raised by 10 to 
20% with organic compared to nitrate based fertilizers. Organic fertilizer lowered Ca 
in spinach. Interaction effects of season and fertilizer was significant only for N and P 
in lettuce. 
Wang and Li (2004) in China carried out a field experiment on vegetables to 
studied the effect of N forms and rates and P treatments on their growth and nitrate 
accumulation. Application of ammonium chloride, ammonium nitrate, sodium nitrate 
and urea significantly increased the yields and nitrate concentration of peking cabbage 
and spinach. Although N forms had no significant effect on yields, but addition of 
nitrate N fertilizer increased nitrate accumulation in vegetables much more than did 
ammonium N. With the addition of P fertilizer, yield of green cabbage and rape were 
increased, while those of spinach and cabbage had no significant changes. Different 
parts had different quantities of nitrate accumulation and its concentration was much 
more in roots than in the above ground parts at any N levels. 
Lise et al. (2005) studied at Flakkebjerg (Denmark), the placement of N in 
spinach a method to increase seed yield. Seed production of spinach was positively 
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affected by increasing N, however regulations restrict the application rate of N in 
Danish agriculture. Seed yields were positively affected by the high N applications, 
but no difference was observed between 150 kg N ha"' broadcast at sowing, and 40 kg 
N ha'' broadcast at sowing with an additional late application at a rate based on soil 
mineral N analysis. They observed no consistent pattern between N management 
strategy and germination. A high N concentration in plants at the start of growth 
showed negative effects on final seed yield. In their opinion soil mineral analysis can 
be used as a tool to adjust the N application rate when a split application strategy is 
chosen. 
Lefsrud et al. (2007) at Georgia (USA) studied the N levels influenced 
biomass, elemental accumulations and pigment concentration in spinach in 
greenhouse in nutrient solution culture under N treatments of 13, 26, 52 and 105 mg 
L''. They reported that leaf tissue biomass increased from 45.6 to 273.2 g plant"' and 
from 127.0 to 438.6 g plant"' as N increased from 13 to 105 mg L"' for two varieties 
respectively. Leaf tissue N, P, Ca, Mg, Cu and Zn responded to N treatments. N level 
had a significant effect on carotenoid accumulation in both varieties when the 
pigments were expressed on a dry weight basis. 
While taking N, P, K fertilizer and other related aspects references on 
fenugreek by Kaswan et al. (1995), Naeem et al. (1995), Singh et al. (1996), 
Dayanand et al. (1998, 1999), Kumar et al. (2000), Jat and Shaktawat (2003), Meena 
et al. (2003) and on spinach by Peavy and Greig (1972) Cantliffe (1973), Fung et al. 
(1978), Terman and Allen (1978), Foehse and Jungk (1983), Mathur et al. (1984), 
Awasthi and Abidi (1985), Alt (1987), Giersch and Robinson (1987), Beresniewicz et 
al. (1988), Brooks et al. (1988), Kheir et al. (1991), Reddy and Malewar (1992), 
Romer et al. (2001) and Yingpeng et al. (2005) may also be cited. 
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CHAPTER 3 
MATERIALS AND M E T H O D S 
To achieve the aims and objectives mentioned in chapter 1, six pot 
experiments were conducted in the net house of environmental plant physiology, 
Department of Botany, Aligarh Muslim University, Aligarh, U.P. (India) during 
the rabi seasons (winter) of 2003-2006. The experimental crops were fenugreek 
{Trigonella foenum graecum L.) var. desi a leguminous nitrogen fixing and 
spinach {Spinacea oleracea L.) var. kaveri a non-leguminous to observe under 
similar water treatments as both vegetables are commonly grown by local farmers 
because of their high market value. 
3.1 Agro-climatic conditions of Aligarh 
Aligarh is one of the 70 districts of Uttar Pradesh (North India). It has an 
area of 5,024 sq.kms. and is situated at 27°52'N latitudes, 78°5rE longitude and 
at 615 ft. above sea level. The climate is semi-arid and sub-tropical with hot dry 
summers and cold-winters. The winter extends from the middle of October to the 
end of February. The mean temperature for December and January the coldest 
months, goes up to 15°C and 13°C and the extreme minimum for any single day 
may go up to 2°C. On the other hand summer extends from March to June. In two 
hottest months. May and June the average temperature goes up to 42 and 46°C 
respectively and it can go, on any single day of June even up to 48°C (Fig. 1). 
The annual rainfall may remain 750 mm and more than 85 per cent of the 
total rainfall occurs during July to September and some 10-15 per cent during the 
winter. Aligarh has more or less same soil composition and appearance as that of 
Western Uttar Pradesh. Different types of soils such as sandy, loamy, clayey loam, 
sandy loam are found, however the soil taken for these experiments was sandy 
loam in texture. 
3.2 Preparation of pots 
Before the start of each experiment, clean earthen pots of 10" diameter 
were chosen and prior to filling, the soil was thoroughly mixed and taken at the 
rate of 5 kg pot"'. Sufficient quantity of ground water was given in each pot to 
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Materials and Methods 
provide necessary moisture for germination. NPK doses were applied 24 hours in 
advance to avoid seed injury and the pots were kept in accordance of the 
experimental design and treatments after marking them. 
3.3 Experiments 
Six pot experiments were conducted according to the scheme of treatments 
(Tables 1 to 4). Experiments I and II were undertaken during the rabi season of 
2003-2004, III and IV experiments in 2004-2005 while in 2005-2006, experiment 
V and VI were conducted. At the time of sowing seed rate per pot was maintained 
at 10 seeds pot"' to avoid germination failure. However, thinning was done 
keeping a single plant in each pot and weeding of pots was taken up whenever it 
required. Sixteen pots were maintained for each treatment where twelve were used 
for three samplings with four replicates selected randomly at vegetative, flowering 
and fruiting stages while the remaining four pots were kept for seed yield studies 
at harvesting. In first four experiments, plants were harvested once by uprooting 
them carefully and removing the adhering soil particles by washing the root 
portion and putting them on blotting papers for some time to absorb the water. 
While in experiments V and VI four cuts were studied to observe suitable time of 
cutting of the two crops for their marketing. Plants were cut off from a large, sharp 
knife manually. The cutting was undertaken at 30, 45, 60 and 75 DAS in both 
crops. Wastewater was collected from the drain running along the Aligarh Mathura 
road (Fig. 2a,b) and given in uniform quantity after regular intervals and tap water 
was used as ground water matching with the quantity and intervals of wastewater. 
Urea, single super phosphate and muriate of potash were used as a source of N, P 
and K respectively. Authentic seeds of both crops were surface sterilized with 
absolute alcohol and dried in shade before sowing without inoculation in case of 
fenugreek. 
3.3.1 Experiment I (Fenugreek) 
This experiment was conducted to compare the effect of wastewater and 
groundwater and to test the suitability as a source of irrigation and nutrients, 
applied along with four levels of N so that optimum dose of N under wastewater 
may be obtained (Table lA). Wastewater was diluted to 50% by adding tap water. 
Growth, leaf N, P, K contents, physiological yield and quality parameters were 
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Fig. 2b. Drain showing the pumping of wastewater at farmer's field of cabbage 
from where the wastewater was collected. 
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studied at various stages mentioned earlier. Doses of N were selected on the basis 
of earlier studies conducted elsewhere and requirement of the present study. The 
design of the experiment was complete randomized block design (CRBD) with 
four replications. Nitrogen doses viz. No, Nio, N20, N30 were supplemented with a 
uniform basal dose of P and K @ 40 kg ha"' each. In this experiment like rest of 
the experiments, first set of treatments was used as control in which no fertilizer 
was applied. Sowing and harvesting were done on 5 November, 2003 and 28 
March, 2004 respectively. 
3.3.2 Experiment II (Spinach) 
This experiment was conducted simultaneously with experiment I to study 
the comparative effect of wastewater given in two concentrations, ground water 
(control) and four levels, No, N20, N40, Neo of nitrogen selected on the basis of 
earlier reports to obtain optimum dose of N under wastewater. Growth, leaf N, P 
and K contents, physiological and yield parameters of spinach were observed at 
various stages. The design of this experiment was also complete randomized block 
with four replications. At the time of sowing N doses with a uniform basal dose of 
P and K given at 30 kg ha"' each was applied (Table 2A). The sowing and 
harvesting were done on 6 November, 2003 and 11 April, 2004 respectively. 
3.3.3 Experiment III (Fenugreek) 
This experiment was conducted during the following rabi season of 2004-
2005. The aim of this experiment was also to study the comparative effect of the 
same water treatments and to obtain the optimum dose of phosphorus out of Po, 
P20, P40, P60 applied under wastewater. Growth, leaf N, P, K contents, 
physiological, yield and quality parameters were observed at various stages. 
Uniform basal dose of 10 kg N ha"' based on experiment I and K40 was given 
before sowing (Table IB). The design of the experiment was the same as in 
experiments I and II with four replications. The agricultural practices like sowing, 
seed rate, source of irrigation water, thinning, weeding and harvesting were also 
the same as in experiment I. The crop was sown on 2 November, 2004 and 
harvested on 21 March, 2005. 
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Table 1. Scheme of treatments for Experiments I, III and V (Fenugreek) 
lA Experiment I 
Treatments 
(kg N ha"^ ) 
No 
N,o 
N20 
N30 
GW 
+ 
+ 
+ 
+ 
Irrigation water 
50% WW 
+ 
+ 
+ 
+ 
100% WW 
+ 
+ 
+ 
+ 
Remarks* 
(mg N kg ' soil) 
No fertilizer 
5 
10 
15 
A uniform basal dose of 40 kg each of P and K ha"' was applied alongwith 
nitrogen one day before sowing. 
IB Experiment III 
Treatments 
(kg P ha') 
Po 
P20 
P40 
Peo 
GW 
+ 
+ 
+ 
+ 
Irrigation water 
50% WW 
+ 
+ 
+ 
+ 
100% WW 
+ 
+ 
+ 
+ 
Remarks* 
(mg P kg ' soil) 
No fertilizer 
10 
20 
30 
A uniform basal dose of 10 kg N and 40 kg K ha'' was applied alongwith 
phosphorus one day before sowing. 
IC Experiment V 
Treatments 
(kg NPK ha-') 
NoPoKo 
NioPoKo 
N10P40K0 
N,oP6oKo 
N10P40K.40 
N10P60K40 
Irrigation 
50% WW 
+ 
+ 
+ 
+ 
+ 
+ 
water 
100% WW 
+ 
+ 
+ 
+ 
+ 
+ 
Remarks* 
-1 (mgNPK kg' soil) 
No fertilizer 
5 
5,20 
5,30 
5, 20, 20 
5, 30, 20 
•Calculated on the basis that one hectare of land contains approximately 2x10^ kg 
effective soil. 
Table 2. Scheme of treatments for Experiments II, IV and VI (Spinach) 
2A Experiment II 
Treatments 
(kgNha' ) 
No 
N20 
N40 
N60 
GW 
+ 
+ 
+ 
+ 
Irrigation water 
50% WW 
+ 
-t-
+ 
+ 
100% WW 
+ 
+ 
+ 
+ 
Remarks* 
(mg N kg ' soil) 
No fertilizer 
10 
20 
30 
A uniform basal dose of 30 kg each of P and K ha" was applied alongwith 
nitrogen one day before sowing. 
2B Experiment IV 
Treatments 
(kg P ha') 
Po 
P20 
P30 
P40 
GW 
+ 
+ 
+ 
+ 
Irrigation water 
50% WW 
+ 
+ 
+ 
+ 
100% WW 
+ 
+ 
+ 
+ 
Remarks* 
(mg P kg ' soil) 
No fertilizer 
10 
15 
20 
A uniform basal dose of 40 kg N and 30 kg K ha"' was applied alongwith 
phosphorus one day before sowing. 
2C 
Treatments 
(kg NPK ha"') 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
Experiment VI 
Irrigation water 
50% WW 
+ 
+ 
+ 
+ 
+ 
+ 
100% WW 
+ 
+ 
+ 
+ 
+ 
+ 
Remarks* 
(mg NPK kg"' soil) 
No fertilizer 
20 
20,15 
20,20 
20, 15, 15 
20,20, 15 
*Calculated on the basis that one hectare land contains approximately 2x10^ kg 
effective soil 
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3.3.4 Experiment IV (Spinach) 
This experiment was carried out together with experiment III. The aim of 
this experiment was also to study the comparative effect of wastewater and GW 
and to obtain the optimum dose of phosphorus out of Po, P20, P30, P40 levels 
applied under wastewater on the performance of spinach. A uniform basal dose of 
N at 40 kg ha'' based on experiment II results and K at 30 kg ha'' was also applied 
(Table 2B) before sowing. The design of the experiment was also complete 
randomized block design with four replications. The agricultural practices were 
also the same as undertaken in experiment II. The crop was sown on 3 November, 
2004 and harvested on 6 April, 2005. 
3.3.5 Experiment V (Fenugreek) 
This experiment was conducted during the rabi season of 2005-2006 to 
study the effect of two concentrations (i.e. 50%WW and 100%WW) of wastewater 
without taking GW, as control as the former proved beneficial, and combined 
effect of NPK under wastewater. During this study a uniform dose of N at 10 kg 
ha"' based on experiment I and its control (No) was taken up. The three doses of P 
one control (Po), second optimum (P40) and third luxury (p6o) based on experiment 
III and two levels of K (Ko, K40) were given in six combinations (Table IC). The 
aim of this experiment was to observe whether no fertilizer (NQPOKQ), N alone 
(NIOPOKQ), N and P together (N10P40K0, N10P60K0) and NPK in combinations 
(N10P40K40, N10P60K40) can be given to test the utility of wastewater as a 
supplement of three essential macro nutrients and if any fertilizer saving can be 
achieved. The objective of this experiment was to study the number of cuts or cut 
at which the crop may be suitable for marketing. The agricultural practices were 
the same as undertaken in experiments I and III. The crop was sown on 9 
November, 2005 and cuttings were undertaken at 30, 45, 60 and 75 DAS and the 
plants were harvested on 30 March, 2006 for seed yield. 
3.3.6 Experiment VI (Spinach) 
This experiment was also conducted simultaneously with experiment V to 
study the effect of 100%WW and 50%WW and six combinations of P (PQ, P30, 
P40), N (No, N40) and K (Ko, K30) based on earlier experiments (Table 2C) on 
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growth, leaf N, P, K contents, physiological and yield parameters. Like experiment 
V from this experiment also optimum combination of NPK in presence of 
wastewater was to be recommended. Thus different combinations of NPK were 
NoPoKo (no fertilizer), N40P0K0 (N fertilizer alone), N40P30K0, N40P40K0 (N and P 
fertilizer together without K), N40P30K30, N40P40K30 (NPK fertilizers with two 
doses of P and one of K). In this experiment different cuts were also studied to 
suggest the suitable time of harvest for marketing. The design of the experiment 
was again complete randomized block design with four replications. The 
agricultural practices were the same as explained in experiments II and IV 
conducted on spinach. The crop was sown on 9 November, 2005 and cutting was 
done at 30, 45, 60 and 75 DAS and for seed yield harvested on 15 April, 2006. 
3.4 Statistical analysis 
The data obtained were analysed statistically taking into consideration the 
variables in each experiment according to Panse and Sukhatme (1985). The 'F ' 
test was applied to assess the significance of data at 5% level of probability (P < 
0.05). The error due to replication was also determined. The model of analysis of 
variance (ANOVA) is given in tables 3 and 4 Critical difference (CD) was also 
calculated to compare the mean value of various treatments. Correlation 
coefficient values (r) were obtained with some growth and yield attributing 
parameters. 
3.5 Soil analysis 
The small soil samples collected from each pot were mixed thoroughly for 
obtaining a composite sample. Small quantity of this soil sample was oven dried, 
grinded by means of mortar and pestle and passed through 2mm sieve for 
determining the following characteristics (Table 5). 
Soli pH 
Soil pH was estimated in fresh sample with the help of pH meter. To 10 g 
soil, 50 ml double distilled water (DDW) was added and shaken thoroughly. After 
a lapse of 30 minutes, pH of the suspension was recorded. The pH meter was 
calibrated with a standard buffer of known pH (Jackson, 1973). 
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Table 3. Model of analysis of variance (ANOVA) for Experiments I, III and 
V (Fenugreek) 
[Experimental design; randomized complete block design] 
3A Experiment I 
Source of 
variance 
df SS MSS f value Sig. 
Replication 
Water 
Nitrogen 
Interaction 
Error 
Total 
3 
2 
3 
6 
33 
47 
3B Experiment III 
Source of 
variance 
df SS MSS f value Sig. 
Replication 
Water 
Phosphorus 
Interaction 
Error 
Total 
3 
2 
1 
6 
33 
47 
3C Experiment V 
Source of 
variance 
df SS MSS f value Sig. 
Replication 
Water 
Fertilizer (NPK) 
Interaction 
Error 
Total 
3 
1 
5 
5 
33 
47 
Table 4. Model of analysis of Variance (ANOVA) for Experiments II, IV 
and VI (Spinach) 
[Experimental design; randomized complete block design] 
4A Experiment II 
Source of 
variance 
df SS MSS f value Sig. 
Replication 
Water 
Nitrogen 
Interaction 
Error 
Total 
3 
2 
6 
33 
47 
4B Experiment IV 
Source of 
variance 
df SS MSS f value Sig. 
Replication 
Water 
Phosphorus 
Interaction 
Error 
Total 
3 
2 
3 
6 
33 
47 
4C Experiment VI 
Source of 
variance 
df SS MSS f value Sig. 
Replication 
Water 
Fertilizer (NPK) 
Interaction 
Error 
Total 
3 
1 
5 
5 
33 
47 
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Cation exchange capacity (CEC) 
CEC of soil sample was determined by the method of Ganguly (1951). To 
10 g soil, 0.2N hydrochloric acid was added till the soil became acidic. It was 
shaken for 30 minutes, then filtered and washed with DDW till it became free 
from chloride ions which was checked with AgNOs. The residue was transferred 
from the filter paper to a beaker and a suspension of known concentration was 
prepared. It was then treated with 10 ml standard KCl solution, shaken for 30 
minutes and left overnight. It was titrated with O.IN sodium hydroxide using 
phenolphthalein (Appendix iii) as an indicator. From the amount of sodium 
hydroxide required, the CEC of soil samples was calculated as follows ; 
Volume of O.IN NaOH x N of NaOH 
Cation exchange capacity (CEC) = 
(meq 100 g'' soil) Weight of the soil sample 
Organic carbon 
It was estimated according to the method given by Walkley and Black 
(1934). 2 g soil was taken in a 500 ml conical flask. To this 10 ml of IN potassium 
dichromate solution (appendix iv) and 20 ml cone, sulphuric acid was added. After 
shaking for about 2 minutes, it was kept on an asbestos mat for 30 minutes for the 
mixture to react. 200 ml of DDW, 10 ml of orthophosphoric acid (85%) and 1 ml 
diphenylamine indicator (Appendix ii) were added. A deep violet colour appeared 
which was titrated against 0.5N ferrous ammonium sulphate solution till the colour 
changed to purple and finally green, simultaneously a blank was run without soil 
sample. Percentage of organic carbon was calculated as 
Blank titre - actual titre 
% of organic carbon = x 0.003 x 100 x N 
Weight of soil 
Where N = Normality of ferrous ammonium sulphate 
Available nitrogen 
It was estimated according to the method of Ghosh et al. (1983). 20 g soil 
was shaken confinuously with 50 ml DDW for 1 hour in a 100 ml conical flask 
fitted with rubber stopper. A pinch of CaS04 was added and shaken. Then the 
contents were filtered through Whatman filter paper No. 1. 20 ml of the clear 
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filtrate was transferred to a 50 ml porcelain dish and was evaporated to dryness on 
steam bath. After cooling, 3 ml phenol disulphonic acid (Appendix iii) was added 
and allowed to react for about 10 minutes. 15 ml DDW was added and stirred with 
a glass rod until the residue was dissolved. After cooling, the contents were 
washed down into 100 ml. volumetric flask. To this 1:1 liquid ammonia (Appendix 
ii) was added slowly and mixed well, till the solution became alkaline which was 
indicated by the appearance of yellow colour due to the presence of nitrate. Then, 
another 2 ml ammonia was added and finally the volume was made up to 100 ml 
with DDW. The intensity of the yellow colour was read at 410 nm with 
spectrophotometer. For standard curve, a stock solution containing 100 ppm 
nitrate was prepared by dissolving 0.722 g potassium nitrate in DDW and the 
volume was made up to 1 litre. This was diluted ten times to obtain a 10 ppm 
NOs'N solution. Aliquots (2, 5, 10, 15, 20 and 25 ml) were evaporated on water 
bath to dryness in small porcelain dishes. After cooling, 3 ml phenol disulphonic 
acid was added and yellow colour was read as described above. Simultaneously, a 
blank was also run. 
Available Phosphorus 
To 2.5 g soil in a 100 ml conical flask, a pinch of DracoGeo was added 
followed by 50 ml Olsen's reagent (Appendix iii). The flask was shaken for 30 
minutes on a shaker and then the contents were filtered through a Whatman filter 
paper No. 1. In the filtrate, P was estimated by Dickman and Bray's (1940) 
method. 5 ml soil extract was pipetted into a 25 ml volumetric flask and 5 ml 
Dickman and Bray's reagent (Appendix i) was poured drop by drop with constant 
shaking till the effervescence due to CO2 evolution ceased. The inner wall of the 
flask neck was washed with DDW and the contents diluted to 22 ml. Then 1 ml 
stannous chloride solution (Appendix iv) was added and the volume was made up 
to the mark. The intensity of blue colour was read at 660 nm on 
spectrophotometer. For the standard curve, 0.439 g potassium dihydrogen 
orthophosphate [KH2PO4] was dissolved in half a litre of DDW. To this, 25 ml 7N 
sulphuric acid (Appendix iv) was added, volume was made up to 1 litre with 
DDW, giving 100 ppm stock solution of P. From this, 2 ppm solution was made 
after 50 times dilution. For the preparation of the standard curve, different 
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concentrations of P (1, 2, 3, 4, 5 and 10 ml of 2 ppm phosphorus solution) were 
taken in 25 ml volumetric flasks. To these, 5 ml extracting reagent (Olsen's 
reagent) was added. The colour was developed by adding Dickman and Bray's 
reagent and stannous chloride and read at 660 nm. A blank was also run without 
the soil sample. The curve was plotted and the amount of P was calculated from 
the curve. 
Available Potassium 
5 g soil was shaken with 25 ml IN ammonium acetate (Appendix i) for 5 
minutes and was filtered immediately through a Whatman filter paper No. 1. Stock 
solution of 1000 ppm K was prepared by dissolving 1.908 g KCl in 1 litre DDW. 
From the stock solution aliquots were diluted in 50 ml volumetric flasks with 
ammonium acetate solution to give 10 to 40 ppm of K. These were read with the 
help of a flame photometer after setting zero for the blank and at 100 for 40 ppm 
of K. The curve was obtained by plotting the readings against the different 
concentration (10, 15, 20, 25, 30, 35 and 40 ppm) of K. 
Sodium 
The determination of sodium was carried out directly from the soil extract 
(1:5, soil: water) with the help of flame photometer, using appropriate filter and 
standard curve was prepared by taking known concentrations of sodium. 5.845 g 
NaCl was dissolved in DDW and the volume was made up to 1 litre which gave 
100 milli equivalent litre'' of sodium. From this stock solution, dilutions 
containing 5, 10, 15, 20, 30, 35, 40, 45 and 50 meq Na litre"' were prepared. The 
curve was drawn by plotting the flame photometer readings on the vertical axis (Y 
axis) against concentration of sodium on the horizontal axis (X axis). Sodium in 
the unknown sample was read from the curve. 
Preparation of soil extract for calcium, magnesium, chloride, carbonate, 
bicarbonate and sulphate 
100 g soil was transferred to a 750 ml flask, to this 500 ml DDW was 
added and the flask was shaken for about 1 hour. The contents were then filtered 
through Buchner funnel. 
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Calcium 
It was estimated according to the method of Chopra and Kanwar (1982). To 
25 ml extract, 2-3 crystal of carbonate and 5 ml of 16% NaOH solution were 
added. Then it was titrated with 0.0IM EDTA (Appendix ii) using murexide 
indicator (Appendix iii) till the colour change from orange red to purple. 
Magnesium 
To 25 ml soil extract, 1 ml NaOH (2%) was added. Then 5 ml ammonium 
chloride ammonium hydroxide buffer (Appendix i) was added, followed by 
titration with 0.0 IM EDTA using Erichrome black-T (Appendix ii) as an indicator, 
the colour changed from green to wine red (Chopra and Kanwar, 1982). 
Chloride 
To the 50 ml soil extract, 0.5 ml potassium chromate indicator (Appendix 
iii) was added, then it was titrated with 0.0141N standard silver nitrate (Appendix 
iv) and calculated as follows 
(ml X N) of AgNOs x 1000 x 35.5 
Chloride (mgl'') = 
ml sample 
Carbonates and Bicarbonates 
Estimation was done following the method of Richards (1954). 50 ml soil 
extract was taken in a clean flask. To this 5 drops of phenolphthalein indicator 
were added. The appearance of pink colour indicated the presence of carbonates. 
Then it was titrated against 0.0IN sulphuric acid till the solution became 
colourless. To the colourless solution from above titration 2 drops of 0.05% 
methyl orange indicator (Appendix ii) were added. It was then titrated against 
0.0IN sulphuric acid till the colour changed from yellow to rose red. This 
indicated the bicarbonates presence in the sample. 
1000 
Carbonate (meq 1"') = 2Y x normality of H2SO4 x -
ml aliquot 
1000 
Bicarbonate (meq 1" ) = (Z-2Y) x normality of H2SO4 x 
ml aliquot 
= (Z-2Y) X 2 
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where, Y = reading of burette for the titration of carbonates 
Z = reading of burette for the titration of bicarbonates 
Sulphate 
To 50 ml extract, 2.5 ml conditioning reagent (Appendix i) was added. It 
was then stirred on a shaker and during shaking, a small quantity of BaCb was 
added. It was then read with the help of a naphthalometer. 
MgS04 X 1000 
S04(mgr ' ) = 
ml sample 
3.6 Water analysis 
Wastewater comprising of mixture of domestic, sewage and industrial 
discharges was tested twice (once at the start and second before the termination of 
experiment) during the growing season of crop collected from a drain running 
along the Aligarh-Mathura road at a distance of about 4 km. where mostly 
vegetables are grown (Fig. 2a,b). The wastewater was collected in 50 litre jerry-
canes for irrigation of pots. For water analysis, standard sample bottles were 
carefully cleaned before use with chromic acid cleaning mixture, later the bottles 
were rinsed thoroughly with distilled water. 4 litres of wastewater sample was 
taken for analysis. Prior to filling the water samples, the bottles were again rinsed 
with wastewater to be collected. The source of groundwater was tap water while 
50% wastewater was obtained by mixing wastewater and ground water in the ratio 
of 1:1. Samples of irrigation water were analysed in accordance with the irrigation 
water quality parameters (Table 6). 
Colour 
Colour in water may be due to the presence of fine particles in suspension 
or due to certain mineral matter in addition to sewage and city waste. The colour 
of the wastewater was dark black. 
Odour 
This may be due to the presence of one or more factors like micro 
organisms either dead or alive, sewage, dissolved gases and mineral substances. 
The odour of the wastewater was unpleasant. 
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Materials and Methods 
Electrical conductivity 
It was directly read with the help of conductivity meter by putting the 
sample directly in a beaker containing wastewater. The apparatus was adjusted to a 
known temperature (25°C) of the solution. 
pH 
It was determined with the help of pH meter. The pH meter was adjusted 
before use with standard buffer of known pH. 
Total solids (TS) 
A 250 ml unfiltered sample was taken in an evaporating dish and allowed 
to evaporate by keeping it on the water bath. 
(A-B)x 1000 
T S ( g r ' ) = 
V 
where, A = Final weight of the dish in g 
B = Initial weight of the dish in g 
V = Volume of the sample taken in ml 
Total dissolved solids (TDS) 
A 250 ml filtered sample was taken in evaporating dish and allowed to 
evaporate by keeping it on waterbath. TDS were calculated as follows -
(A-B)x 1000 
-1 \ -TDS (g 1- ) = 
V 
where, A = Final weight of the dish in g 
B = Initial weight of the dish in g 
V = Volume of the sample taken in ml 
Total suspended solids (TSS) 
It was determined by calculating the difference between the total solids and 
total dissolved solids. 
TSS (g r ' ) = TS - TDS 
46 
Materials and Methods 
Dissolved oxygen (DO) and Biological oxygen demand (BOD) 
Different volumes of the samples were placed in BOD bottles (250 ml) to 
get several dilutions of the samples to obtain the required depletions ranging 
between 0.1 and 1.0%. These bottles were then filled with DDW, stoppered and 
one set of bottles was incubated for 5 days in an incubator maintained at 20°C and 
in other set, dissolved oxygen (DO) was determined immediately by adding 2 ml 
manganous sulphate solution (Appendix ii), followed by 2 ml alkali iodide azide 
reagent (Appendix i) by means of graduated pipette by dipping its end well below 
the surface of the liquid. The BOD bottles were stoppered and mixed well by 
inverting them. The bottles were allowed to stand till the precipitate settled half 
way, leaving a clear supernatant above the manganese hydroxide flakes. The 
stopper was removed and 2 ml H2SO4 was immediately added. Each bottle was 
restoppered and the contents were mixed by gentle inversion until dissolution was 
complete. 200 ml of the sample was taken in a 500 ml conical flask, then 2 ml 
starch indicator (Appendix iv) was added, and titrated against 0.025 N sodium 
thiosulphate solution (Appendix iv) till the disappearance of the blue colour. The 
reading of the sodium thiosulphate used up was indicative of DO of the sample in 
mg r ' . BOD was calculated using the following relationship : 
D1-D2 
BOD (mgr') = 
Where Di and D2 are the dissolved oxygen of the diluted samples, 15 minutes after 
the preparation of the sample and after 5 days of incubation respectively and P is 
the decimal fraction of the sample used. 
Chemical oxygen demand 
0.4 g mercuric sulphate was placed in a refluxing flask and 20 ml sample 
was added. Both were mixed well and 10 ml 0.25 N standard potassium 
dichromate solution (Appendix iv) was added followed by 30 ml sulphuric acid 
and a small amount of silver sulphate. A blank was also run using DDW. These 
were subjected to reflux for 2 hours, cooled and then diluted to 100 ml with DDW. 
The contents were then titrated against O.IN ferrous ammonium sulphate solution 
(Appendix ii). The COD was calculated by the following relationship. 
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A-B X N X 8,000 
COD(mgr ' ) = 
ml sample 
where, A = ml ferrous ammonium sulphate used for blank titration. 
B = ml. ferrous ammonium sulphate used for sample titration 
N = Normality of ferrous ammonium sulphate solution 
Calcium 
50 ml sample was taken in a conical flask and neutralized with acid. It 
was warmed for 1 minute and then cooled. 2 ml IN sodium hydroxide solution 
(Appendix iv) was added to maintain the pH at 12-13. After the addition of 1-2 
drops of ammonium purpurate indicator (Appendix i) it was titrated slowly with 
0.0 IM EDTA and calculated as 
Ca (mg r ' ) 
A x B x 4 0 0 . 8 
ml sample 
where, A = ml titration for sample 
B = mg CaOs equivalent to 1.0 ml EDTA titrant at calcium indicator 
end point. 
Total hardness 
50 ml sample was taken in a conical flask and 1 ml ammonium chloride-
ammonium hydroxide buffer solution was added. After the addition of 100 mg 
Eriochrome black T indicator, it was titrated against 0.0 IM EDTA solution. 
ml EDTA used X 1000 
Hardness as mg 1'' CaCOa = 
ml sample 
Magnesium 
It was estimated from EDTA and hardness titration (taken from total 
hardness estimation). 
Mg (mg r ' ) = Total hardness - calcium hardness x 0.244 
(as mg CaCOs 1'') (as mg CaCOs 1'') 
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Potassium 
The estimation of potassium was carried out directly with flame photometer 
at 768 nm using appropriate fiher and a standard curve by taking Icnown 
concentrations of potassium and further procedure is similar to that of soil sample. 
Sodium 
It was also estimated flame photometrically like soil sample. 
Carbonates and bicarbonates 
Estimation of carbonates and bicarbonates was also done by the method 
of Richards (1954) as in soil sample. 
Cliloride 
The chloride estimation was carried out by the method similar to soil 
sample. 
Phosphate 
To 100 ml sample containing not more than 0.2 mg phosphorus and free 
from colour and turbidity, 0.05 ml phenolphthalein indicator was added. When the 
sample turned pink, strong sulphuric acid solution (Appendix iv) was added drop 
wise to discharge the colour. Smaller sample was taken and diluted to 1,000 ml 
with DDW. After discharging the pink colour with acid, 4 ml of 2.5% ammonium 
molybdate reagent (Appendix i) was added. After 10 minutes, the colour was 
measured spectrophotometrically at 690 nm and comparison with the calibration 
curve was made, using a DDW blank. 
m g P x 1000 
P (mg r') = 
ml sample 
Sulphate 
100 ml sample was taken in a conical flask and 5 ml conditioning reagent 
was added to it. The contents of the flask were stirred for a minute on a magnetic 
stirrer and during stirring, a small amount of BaCb was added. It was then read at 
420 nm with the help of spectrophotometer. Standard sulphate solution was made 
by dissolving 0.1479 g sodium sulphate (NaS04) in DDW, making the volume up 
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to 1000 ml. From this 0-40 mg 1'' dilutions were prepared at the interval of 5 mg 
r ' . A standard curve was prepared by plotting the readings for each dilution using 
spectrophotometer. 
Nitrate nitrogen 
First nitrate standard was prepared in the range of 0.1 to 1.0 mg 1'' N by 
diluting 1, 2, 4, 7 and 10 ml standard nitrate solution to 10 ml with DDW. 
Residual chlorine in the samples was removed by adding 1 drop sodium arsenite 
solution for each 0.10 mg CI and mixed. One drop was added in excess to 50 ml 
portion. For colour development, number of reaction tubes were set in a wire rack. 
To each tube 10 ml sample was added. The rack was placed in a cool water bath 
and 2ml NaCl solution was added and mixed well. Then 10 ml H2SO4 was mixed 
and cooled. 0.5 ml sulfanilic acid reagent (Appendix iv) was added and the tube 
swirled to mix, and then placed in a water bath at not less than 95°C. After 20 
minutes, it was taken out and cooled in a cold water bath. Reading was taken 
against a reagent blank at 410 nm with spectrophotometer. Standard curve was 
prepared from the absorbance values of the standards run together with the 
samples and correlated by subtracting their "sample blank" values from their final 
absorbance values. The concentration of NO3-N was read directly from the 
standard curve. 
Ammonia nitrogen 
For the estimation of ammonia nitrogen, firstly a preliminary distillation 
was performed. 500 ml of ammonia free water was added to 20 ml borate buffer 
and the pH was adjusted to 9.5 with 6N sodium hydroxide solution. A few glass 
beads were added to this and the mixture was used to steam out the distillation 
apparatus until the distillate showed no traces of ammonia. For ammonia nitrogen 
content of less than 100 ]xg 1'', a sample volume of 4 litres was used. Residual 
chlorine was removed in the sample by adding dechlorinating agent, 25 ml borate 
buffer was added and the pH was adjusted to 9.5 by 6N NaOH, using a pH meter. 
Distillation of sample was done. The steaming out flask was disconnected and the 
sample was immediately transferred to the distillation apparatus. It was distilled at 
the rate of 6 to 10 ml minute'' with the tip of delivering tube submerged. The 
distillate was collected in 500 ml. Erlenmeyer flask, containing 50 ml boric acid 
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solution. At least, 300 ml distillate was collected. It was diluted to 500 ml with 
ammonia free distilled water. 100 ml sample was taken in 500 ml kjeldahl flask 
with ammonia free water and diluted to 250 ml. Again, it was distilled as before 
with few pieces of paraffin wax added to the distillation flask and 100 ml distillate 
was collected. Ammonia in the distillate was titrated against standard 0.02N 
sulphuric acid titrant until the indicator turned a pale lavender. A blank was also 
run through all the steps of the procedure. 
(A-B) X 280 
Ammonia N (mg 1'') -
ml sample 
where, A = ml H2SO4 titration for sample 
B = ml. H2SO4 titration for blank 
3.7 Microbiological examination of wastewater 
The standard of wastewater used for crop irrigation was assessed (Table 
7) as per the quality guidelines of WHO ((1989). The parameters like total 
bacterial viable count, coliforms, faecal coliforms and presence of Salmonella and 
Shigella were analysed using standard most probable number (MPN) and/or plate 
count methods as described by APHA (1998) and Cappucino and Sherman (1992). 
Most probable number (MPN) 
It is used to determine the mean concentration of coliform bacteria 
present in wastewater. For its estimation, samples were collected in sterile bottles, 
and diluted to 100 fold or as required in NSS. Then 3 series of MacConkey's broth 
(Appendix v) tubes were made, first row with 5 tubes containing 10 ml double 
strength MacConkey's broth, second and third row with 5 tubes each containing 
single strength broth. Each tube should have one Durham's tube. Now 3 series 
were made for Ecbroth (Appendix v) each row containing 5 tubes, each containing 
5ml. of EC broth. Now 10 ml of diluted sample was inoculated in the first two 
tubes. 1 ml in second row tubes and 0.1 ml in third row tubes of MacConkey's 
broth. All the tubes were then incubated for 48 hours at 37°C, than Mac Conkey's 
tubes were observed for gas production and total number of tubes for production 
was counted than EC broth tube was inoculated with 0.1 ml from positive tubes of 
MacConkey was inoculated showing gas production. Then these tubes were 
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Materials and Methods 
incubated at 44.2°C in shaker incubation for 24 hours and the number of tubes for 
gas production was counted. 
Plate count method 
It is used to estimate the number of heterotrophic bacteria in water. 
Single colony is supposed to arise from single cell. However, it may arise from 
more than one cell. Therefore, instead of cell number, the term "Colony Forming 
Units (CFU) are used to indicate bacterial viable count. 10 ml wastewater was 
mixed with 90 ml sterile normal saline solution (Appendix v). From this I ml was 
taken and serially diluted in a 9 ml of sterile NSS. 0.1 ml. sample was taken from 
the serially diluted tubes and spread on the above-mentioned media, these plates 
were then incubated for 24-48 hours at 37°C (Cappucino and Sherman, 1992). The 
colonies were counted as CFU (colony forming unit)/ml 
Number of colonies 
CFU ml' 'of water = 
Dilution factor 
3.8 Biometric observations 
For investigating effect of 100% WW, 50% WW and GW, 
morphophysiological and seed yield observations were carried out at vegetative, 
flowering, fruiting and harvest stages in first four experiments and in V and VI 
experiments different cuttings were studied. 
3.9 Growth characteristics 
The following growth characteristics were observed using standard 
practices. 
1. Plant height 
2. Root fresh weight 
3. Root dry weight 
4. Nodule number in fenugreek only 
5. Shoot fresh weight 
6. Shoot dry weight 
7. Leaf number 
8. Leaf area in spinach only 
9. Flower number in fenugreek only 
10. Pod number in fenugreek only 
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For assessing dry weight, four plants from each treatment were dried, 
after taking their fresh weight, in hot air oven at 80°C for two days and weighed. 
Leaf area was measured by using leaf area meter (LA, 211, Systronics, India). 
For nodule number, whole plant was removed carefully along with soil 
from the pot with the precaution that the roots or the nodules may not be damaged. 
Samples were washed gently to wipe away all the adhering foreign particles and 
the number was carefully counted. 
3.10 Physiological parameters 
Following parameters were studied at different samplings 
(i) Total chlorophyll content 
(ii) Leaf nitrate reductase (NR) activity 
(iii) Carbonic anhydrase (CA) activity 
(iv) Photosynthetic rate 
(v) Stomatal conductance 
(vi) Water use efficiency (WUE) 
Total chlorophyll content 
It was estimated following the method of MacKinney (1941). Fresh 
leaves (100 mg) were homogenized in a mortar with sufficient quantity of 80% 
acetone. The extract was filtered and supernatant was collected in the volumetric 
flask. The process was repeated thrice and each time supernatant was collected in 
the same flask. Finally the volume was made up to 10 ml with 80% acetone. 5 ml 
sample of chlorophyll extract was transferred to a cuvette and the absorbance was 
read at 645 and 663 nm on spectrophotometer. Following formulae were used to 
calculate chlorophyll content. 
V 
Total chlorophyll (mg g'') = [20.2 (D645) + 8.02 (D663)] x 
1000 x W 
where V = Total volume of the solution (ml) 
W = Weight of the tissue (g) used for the extraction of the pigments. 
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Leaf NR activity 
It was estimated in fresh leaf. Random samples of leaves from each plant 
were taken and cut into small pieces. The enzyme activity was determined 
according to the method given by Jaworski (1971). 200 mg fresh leaf material was 
weighed and placed in polythene vials. To each, 2.5 ml phosphate buffer (O.IM pH 
7.5; Appendix iii) and 0.5 ml potassium nitrate (0.2M) solution (Appendix iv) 
were added followed by addition of 2.5 ml 5% isopropanol (Appendix ii). Lastly, 
two drops of chloramphenicol solution were added to avoid bacterial growth in the 
medium. The vials were incubated for 2 hours in dark at 30°C and 0.4 ml 
incubated mixture was taken in a test tube to which 0.3 ml each of 1% 
sulphanilamide (Appendix iv) and 0.02% N-1-Napthyl, 2-ethylenediamine 
dihydrochloride (NED-HCl; Appendix iii) were added. The solution was left for 
20 minutes for maximum colour development. It was diluted to 5 ml with DDW 
and optical density was read at 540 nm using a spectrophotometer. A blank 
consisted of 4.4 ml DDW and 0.3 ml each of sulphanilamide and NED-HCl, was 
used simultaneously for comparison. A standard curve was plotted by taking 
known graded dilutions of potassium nitrate from a standard aqueous solution of 
this salt. The optical density of the samples was compared with this calibrated 
curve and NR activity was expressed as |i mol NO2 g''h"' fresh leaf material. 
Carbonic anhydrase (CA) activity 
It was assayed by adopting the method of Dwivedi and Randhava (1974). 
The fresh leaf samples were cut into small pieces at a temperature below 25°C. 
200 mg of these leaf pieces were weighed and cut into smaller pieces in 10 ml of 
0.02M cystein hydrochloride (Appendix i) and left for 20 minutes at 4°C. The leaf 
pieces were taken out from the petriplates and adhering solution was soaked with 
the help of blotting paper. These dried samples were then transferred to a test tube 
containing 4 ml phosphate buffer of pH 6.8 (Appendix iii). To this test tube 4ml 
0.2M sodium bicarbonate (NaHCOs) in 0.2M sodium hydroxide (NaOH) solution 
(Appendix iv) and 0.2 ml of bromothymol blue (0.002%) indicator (Appendix i) 
were added. The tube was gently shaken and left for 20 minutes at 4°C. CO2 
liberated by the catalytic action of carbonic anhydrase on NaHCOs was estimated 
by titrating the reaction mixture against 0.0IN hydrochloric acid using methyl red 
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cY N'^ -•••••) .sV 
as an indicator. The control reactidm iWture was also tit^ atoM against 0.01 N HCI. 
vs. ^ v.* -^ "^ yy 
In each case the quantity of HCI usearlo-neittrztHz^.vwasiWoted and the difference 
was calculated. The activity of the enzyme was calculated by putting the values in 
formula -
V X 22 X N 
[mol (CO2) kg"' (leaf fresh mass) s''] 
W 
V = difference in volume of HCI in control and the sample 
22 - equivalent weight of CO2 
N = normality of HCI 
W = weight of tissue used 
Photosynthetic rate and Stomatal conductance 
The rate of photosynthesis and stomatal conductance were measured in 
fully expanded leaf of plant using the LiCOR-6200 portable photosynthesis system 
(Nebraska, USA) with Ca = 0.33 m mol CO2 mol"' (330 ^ 1/1), taking care to use 
leaves of more or less the same age and each observation was replicated twice and 
representative data were recorded. All the measurements were made on cloudless 
clear days between 11:00 and 13:00 solar time. 
Water use efficiency 
It was calculated by dividing photosynthetic rate with stomatal 
conductance (Das et al., 1999). 
Photosynthetic rate 
WUE= 
Stomatal conductance 
3.11 Leaf analysis 
Dried leaf material collected at different sampling stages was used for the 
estimation of N, P and K contents. The details of estimation procedures are as 
follows 
Digestion of leaf samples 
Healthy leaves from oven dried plant material collected at different 
sampling stages were used for the estimation of NPK. These dried leaves were 
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removed and powdered with mortar and pestle and passed through a 72 mm mesh 
screen. 50 mg of this oven dried powder from each replicate was transferred to a 
50 ml Kjeldhal flask to which 2 ml concentrated sulphuric acid was added. The 
contents of the flask were heated on temperature controlled assembly for about 2 
hours to allow complete reduction of nitrates present in the plant material. As a 
result, the contents of the flask turned black. After cooling the flask for about 15 
minutes, 0.5 ml 30% H2O2 was added drop by drop and the solution was heated 
again till the colour changed from black to light yellow. Again after cooling for 30 
minutes, an additional 3-4 drops of 30% H2O2 were added, followed by heating for 
another 15 minutes. The process was repeated till the contents of the flask turned 
colourless. The peroxide digested material was transferred from kjeldhal flask to 
50 ml volumetric flask with three washings of DDW. The volume of the flask was 
made up to the mark with DDW. This peroxide digested material was used for the 
estimation of N, P and K contents. 
Estimation of nitrogen 
It was estimated according to Lindner (1944). 10 ml aliquot of the 
peroxide digested material was taken in 50 ml volumetric flask. To this, 2 ml 2.5N 
sodium hydroxide was added which neutralized the excess of acid and 1 ml 10% 
sodium silicate solution was added to prevent the turbidity. The volume of the 
solution was made up to the mark with DDW. In a 10 ml graduated test tube, 5 ml 
of this solution was taken and 0.5 ml Nessler's reagent (Appendix iii) was added. 
The final volume was made up to 10 ml with DDW. The contents of the test tube 
were allowed to stand for 5 minutes for maximum colour development. Then the 
solution was transferred to a colorimetric tube and optical density (OD) was read 
at 525 nm with the help of spectrophotometer. For standard curve of nitrogen 50 
mg ammonium sulphate was dissolved in 1 litre DDW. From this solution, 0.1, 
0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 ml was pipetted to 10 different 10 ml 
graduated test tubes. The solution in each test tube was diluted to 5 ml with DDW. 
In each test tube 0.5 ml Nessler's reagent was added and the final volume was 
made up to the mark with DDW. After 5 minutes, the optical density was read at 
525 nm on spectrophotometer. A blank was run with each set of determination. 
Standard curve was plotted using different concentrations of ammonium sulphate 
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solution versus optical density with the help of this standard curve, the amount of 
nitrogen present in the sample was determined. 
Estimation of phosphorus 
The method of Fiske and Subba Row (1925) was used to estimate the 
total phosphorus in the digested material. 5 ml aliquot was taken in a 10 ml 
graduated test tube and 1 ml molybdic acid reagent 2.5% (Appendix ii) was added, 
followed by the addition of 0.4 ml l-amino-2-naphthol-4-sulphonic acid 
(Appendix i). Addition of this turned the colour of the content blue. Volume was 
made up to 10 ml with DDW. The solution was shaken for 5 minutes for maximum 
colour development and subsequently transferred to a colorimetric tube. The 
optical density was read at 620 nm on spectrophotometer. A blank was also run 
simultaneously. For standard curve 351 gm monobasic dihydrogen orthophosphate 
was dissolved in sufficient DDW to which 10 ml ION H2SO4 was added and the 
final volume was made up to 1000 ml with DDW. From this solution 0.1, 0.2, 0.3, 
0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 ml was taken in ten different graduated test 
tubes. The solution in each test tube was diluted to 5 ml with DDW. In each tube, 
1 ml molybidic acid reagent and 0.4 ml 1-amino-2-naphthol-4-sulphonic acid was 
added and the final volume was made up to 10 ml with DDW in all the test tubes. 
After 5 minutes, optical density was read at 620 nm on spectrophotometer. A 
blank was run with each set of determination. Standard curve was plotted using 
different dilutions of potassium dihydrogen orthophosphate solution versus optical 
density. With the help of the standard curve, the amount of phosphorus present in 
the sample was determined. 
Estimation of potassium 
It was estimated with the help of flame photometer. 10 ml aliquot was 
taken and read by using the filter for potassium. A blank was also run side by side 
with each set of determination. The readings were compared with a calibration 
curve plotted using known dilutions of standard potassium chloride solution. For 
standard curve, 1.91 g potassium chloride was dissolved in 100 ml DDW, of which 
1 ml solution was diluted to 1000 ml. The resulting solution was of 10 ppm 
potassium. From this 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 ml solution was transferred to 
10 vials separately. The solution in each vial was diluted to 10 ml with DDW. The 
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diluted solution of each vial was run separately. A blank was also run with each 
set of determination. Standard curve was prepared using different dilutions of 
potassium chloride solution versus readings on the scale of galvanometer. The 
amount of potassium present in sample was determined with the help of standard 
curve. 
3.12 Yield characteristics 
For this, again one plant from each pot was collected at the time of 
harvest, i.e. when the crop attained physiological maturity, following yield 
characteristics were observed. 
1. Pod number plant"' in fenugreek only 
2. Seed number pods"' in fenugreek only 
3. Pod length (cm) in fenugreek only 
4. Branch number plant"' in spinach only 
5. Seed number plant"' in spinach only 
6. 1,000 seed weight (g) 
7. Seed yield (g plant"') 
8. Biological yield (g plant"') 
Seed yield 
The total seeds threshed out from the dried plant samples of each 
treatment were cleaned and the weight was obtained to compute seed yield. 
Biological yield 
Total biomass was recorded after drying the plant samples in the sun to 
make the weight constant. Biological yield was recorded before threshing of 
plants. 
3.13 Seed analysis 
The seeds collected at harvest were chemically analysed for the protein 
and carbohydrate contents. The seed samples of each treatment were dried and 
grounded to fine powder and passed through a 72 mm mesh sieve. The powder 
was stored in polythene bags. At the time of analysis, these powdered samples 
were kept at 80°C in an oven overnight. 
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Estimation of total protein 
The method of the Lowry et al. (1951) was followed for the colorimetric 
estimation of total proteins in the seeds. 50 mg of the oven dried seed powder was 
transferred to a mortar. Grinding was done with the addition of 5 ml (5%) 
trichloroacetic acid. It was transferred to a centrifuge tube with repeated washing 
and the final volume was made up to 5 ml with trichloroacetic acid. Complete 
precipitation of the proteins was allowed to take place by leaving the sample for 
about 1 hour. The material was centrifuged at 4,000 rpm for 10 minutes and the 
supernatant was discarded. 5 ml of IN sodium hydroxide was added to the residue 
and mixed well by shaking. It was left for 30 minutes on water bath at 80°C so that 
all the precipitated proteins may completely get dissolved. After cooling, for 15 
minutes, the mixture was centrifuged at 4,000 rpm for about 15 minutes and the 
supernatant containing protein fraction together with three washings with IN 
NaOH was collected in 25 ml volumetric flask. Volume was made up to the mark 
with IN NaOH and used for the estimation of protein. 1 ml sodium hydroxide 
extract was transferred to 10 ml test tube and 5 ml of reagent B (Appendix iv) was 
added to it. The solution was mixed well and allowed to stand at room temperature 
for 10 minutes. 0.5 ml folin phenol reagent (Appendix ii) was added rapidly with 
immediate mixing. The blue colour developed, and was left for 30 minutes for 
maximum colour development. Absorbance of this solution was read at 660 nm. A 
blank containing DDW, reagent B and folin phenol reagent was simultaneously 
run with each sample. The protein contents were calculated by comparing with 
optical density of each sample with a calibration curve plotted by taking known 
graded dilutions of standard solution of bovine serum albumin (Fraction v) and the 
seed protein contents were expressed in terms of percentage on dry weight basis. 
For standard curve, 50 mg bovine serum albumin (Fraction v) was dissolved in 50 
ml DDW, of which 10 ml solution was diluted to 50 ml. 1 ml of this solution 
containing 200 \ig protein. From this 0.2, 0.4, 0.6, 0.8 and 1.0 ml solution was 
transferred to 5 test tubes separately. The solution in each test tube was diluted to 
1 ml DDW. A blank of 1 ml DDW was also run with each set of determinations 5 
ml reagent B to each tube including blank was mixed well and allowed to stand for 
10 min. to this solution 0.5 ml folin phenol reagent was added and mixed well and 
59 
Materials and Methods 
incubated at room temperature in the dark for 30 minute. Blue colour was 
developed and read at 660 nm. 
Estimation of total carbohydrate in seeds 
The carbohydrates were extracted from the method of Yih and Clark 
(1965) and estimated by adopting the procedure of Dubois et al. (1956). 100 mg of 
dried seed powder was transferred to a boiling tube containing 5 ml of 2.5N HCl 
and hydrolysed by keeping it in a boiling water bath for three hours and the 
volume was made up to 100 ml with DDW. The sample was then centrifuged at 
4,000 rpm for 10 minutes and supernatant was collected. 1 ml of this extract was 
taken in a test tube to which 1 ml of 5% distilled phenol was added. The test tube 
was placed in chilled water and 5 ml of cone. H2SO4 was added. The absorbance 
was read at 490 nm on spectrophotometer. A blank was run simultaneously with 
each set of samples. Standard curve was plotted by using known graded dilutions 
of glucose solution. The absorbance of each sample was compared with calibration 
curve and per cent carbohydrate content was noted on dry mass basis. 
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CHAPTER 4 
EXPERIMENTAL RESULTS 
4.1 Experiment-1 (Fenugreek) 
In this experiment three levels of water (100%WW and 50% WW) and 
GW (control) were tested with four levels of nitrogen Nio, N20, and N30 and No 
(control) with a uniform basal dose of P40 and K40. Growth and physiological 
parameters were tested at vegetative, flowering and fruiting stages and yield 
attributes at harvest. Only the significant data are briefly described below: 
4.1.1. Growth Parameters 
Nine parameters namely; plant height, root fresh weight, root dry weight, 
nodule number, shoot fresh weight, shoot dry weight, leaf number, flower number 
and pod number were observed (Tables 8 to 15). 
4.1.1.1 Plant height 
100% wastewater (100%WW) proved good as it recorded the maximum 
plant height at vegetative, flowering and fruiting stages. It was followed by 50% 
wastewater (50% WW) while ground water (GW) gave the lowest value (Table 8). 
100%WW recorded 40.81%, 40.25% and 18.04% more values over GW at three 
sampling stages respectively. Plant height increased consistently upto the last 
sampling. Among nitrogen doses, Nio proved most effective giving 62.20%, 
89.40%) and 62.49% more values in comparison to No.This parameter was 
adversely affected with higher fertilizer dose. Among interactions, 100%)WWxNio 
proved most beneficial combination followed by 100%oWWxN2o at vegetative and 
flowering stages while it was non-significant at fruiting. 
4.1.1.2 Root fresh weight plant"' 
Wastewater irrigation improved the root fresh weight also at all the three 
stages (Table 9). Thus 100%WW recorded an increase of 25.84%, 14.87% and 
16.45%) over GW. It increased consistently upto the last sampling. Among the 
fertilizer treatments. No gave the lowest value followed by N30 which proved toxic 
as it recorded comparative lower value than Nio and N20. Among interactions, 
100%WWxNio proved most beneficial followed by 100%WWxN2o at vegetative 
Table 8. Effect of GW, 50%WW and 100%WW on plant height (cm) of Trigomlla 
foenum-graecum cv. Desi with four levels of nitrogen. 
Treatments 
No 
N,o 
N20 
N30 
Mean 
No 
N,o 
N20 
N30 
Mean 
No 
N,o 
N20 
N30 
Mean 
Water 
Nitrogen 
Interaction 
GW 
15.15 
25.50 
21.50 
18.40 
20.14 
GW 
23.60 
39.20 
34.80 
30.60 
32.05 
GW 
43.40 
72.30 
64.60 
55.20 
58.88 
Vegetative stage 
0.899 
0.779 
1.558 
Vegetative 
50%WW 
18.60 
29.20 
25.40 
20.70 
23.48 
stage 
100%WW 
21.80 
35.43 
31.70 
24.50 
28.36 
Flowering stage 
50%WW 
25.40 
46.40 
42.20 
35.40 
37.35 
100% WW 
26.60 
57.60 
50.70 
44.90 
44.95 
Fruiting stage 
50%WW 
48.03 
79.60 
69.30 
58.40 
63.83 
CD at 5% 
100% WW 
54.60 
85.40 
73.50 
64.50 
69.50 
Flowering stage 
0.888 
0.769 
1.539 
"~-
Mean 
18.52 
30.04 
26.20 
21.20 
Mean 
25.20 
47.73 
42.57 
36.97 
Mean 
48.68 
79.10 
69.13 
59.37 
Fruiting stage 
1.832 
1.587 
NS 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha'. A uniform dose of P 
and K was also applied basally. NS = Non significant. 
Table 9. Effect of GW, 50%WW and 100%WW on root fresh weight plant"' (g) of 
Trigonella foenum-graecum cv. Desi with four levels of nitrogen. 
Treatments 
No 
N,o 
N20 
N30 
Mean 
No 
N,o 
N20 
N30 
Mean 
No 
N,o 
N20 
N30 
Mean 
Water 
Nitrogen 
Interaction 
GW 
0.412 
0.658 
0.612 
0.576 
0.565 
GW 
0.652 
1.025 
0.924 
0.814 
0.854 
GW 
0.743 
1.198 
1.075 
0.946 
0.991 
Vegetative stage 
0.014 
0.013 
0.025 
Vegetative 
50%WW 
0.456 
0.743 
0.735 
0.659 
0.648 
stage 
100% WW 
0.604 
0.810 
0.753 
0.678 
0.711 
Flowering stage 
50%WW 
0.691 
1.186 
0.967 
0.864 
0.927 
100% WW 
0.725 
1.227 
1.043 
0.928 
0.981 
Fruiting stage 
50%WW 
0.815 
1.237 
1.138 
0.978 
1.042 
CD at 5% 
100%WW 
0.912 
1.442 
1.255 
1.008 
1.154 
Flowering stage 
0.072 
0.063 
NS 
Mean 
0.491 
0.737 
0.700 
0.638 
Mean 
0.689 
1.146 
0.978 
0.869 
Mean 
0.823 
1.292 
1.156 
0.977 
Fruiting stage 
0.053 
0.046 
NS 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha' . A uniform dose of P 
and K was also applied basally. NS = Non significant. 
Experimental Results 
stage. The optimum combination gave 96.60% more root fresh weight in 
comparison to GWXNQ. 100%WWXNO was at par with GWxNio- It may be noted 
that higher dose of nitrogen (N30) either with 50%WW or 100%WW showed 
adverse effect, proving the excessive dose. 
4.1.1.3 Root dry weight plant'' 
Wastewater proved good in enhancing the root dry weight, where 100% 
WW recorded 25.90%, 16.43% and 17.21% more weight than ground water at 
vegetative, flowering and fruiting stages respectively (Table 10). The treatments of 
water were statistically different. Root dry weight increased upto the last 
sampling. The effect of fertilizer followed the same trend as noted in root fresh 
weight. Thus Njo gave the best results as it showed 50.00%, 70.24% and 56.37%) 
increase over No at three stages. Higher dose of nitrogen adversely affected it. The 
interactive effect of wastewater and nitrogen was significant at all the three 
sampling stages as 100%WWxNio gave 98.02%, 93.67% and 94.02% more weight 
over GWxNo. At vegetative stage, 100%WWxNo was at par with 50%WWxN3o 
and GWXN20 and also 100%WW with higher dose of nitrogen (N30) was equaled 
by GWXN20 while at flowering, 100%WWxNo was at par with 50%WWxN3o and 
at fruiting, 100%WWxNo was at par with GWxNso proving the utility of WW. 
4.1.1.4 Nodule number plant' 
Both 100%WW and 50%WW proved superior over GW for this 
parameter (Table 11). The values obtained under the three water treatments were 
critically different. 100%WW increased the nodules by 48.86%, 43.08% and 
63.91% over GW. It increased up to flowering and then decreased. The trend of 
fertilizer remained almost the same with Njo being optimum dose. Like root fresh 
weight and root dry weight nodule number was also adversely affected with higher 
nitrogen doses (N20 and N30). The increase recorded by optimum dose was 
72.43%, 84.35% and 77.91% over No. Interaction was non-significant. 
4.1.1.5 Shoot fresh weight plant"' 
The three treatments of water were critically different at the three 
samplings and wastewater proved effective in comparison to ground water (Table 
12). Thus 100%WW recorded 34.81%, 14.69% and 22.20% more fresh weight 
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Table 10. Effect of GW, 50%WW and 100%WW on root dry weight plant"' (g) of 
Trigonella foenumrgraecum cv. Desi with four levels of nitrogen. 
Vegetative stage 
1 rcauiicms 
No 
N,o 
N20 
N30 
GW 
0.101 
0.165 
0.150 
0.140 
50%WW 
0.115 
0.183 
0.175 
0.156 
100% WW 
0.151 
0.200 
0.182 
0.167 
Mean 
0.122 
0.183 
0.169 
0.154 
Mean 0.139 0.157 0.175 
Flowering stage 
GW 50%WW 100% WW Mean 
No 
N,o 
N20 
N30 
0.158 
0.260 
0.229 
0.203 
0.167 
0.292 
0.250 
0.190 
0.179 
0.306 
0.260 
0.245 
0.168 
0.286 
0.246 
0.213 
Mean 0.213 0.225 0.248 
Fruiting stage 
GW 50%WW 100% WW Mean 
No 
N,o 
N20 
N30 
0.184 
0.295 
0.264 
0.232 
0.201 
0.304 
0.281 
0.242 
0.226 
0.357 
0.310 
0.250 
0.204 
0.319 
0.285 
0.241 
Mean 0.244 0.257 0.286 
CD at 5% 
Vegetative stage Flowering stage Fruiting stage 
Water 
Nitrogen 
Interaction 
0.005 
0.004 
0.008 
0.008 
0.007 
0.013 
0.005 
0.004 
0.009 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha'. A uniform dose of P 
and K was also applied basally. 
Table 11. Effect of GW, 50%WW and 100%WW on nodules number plant'' of 
Trigonella foenum-graecum cv. Desi with four levels of nitrogen. 
Treatments 
No 
N,o 
N20 
N30 
Mean 
No 
N,o 
N20 
N30 
Mean 
No 
N,o 
N20 
N30 
Mean 
Water 
Nitrogen 
Interaction 
GW 
5.42 
9.26 
7.76 
5.62 
7.02 
GW 
11.22 
22.24 
18.20 
16.30 
16.99 
GW 
4.45 
8.59 
6.12 
4.56 
5.93 
Vegetative stage 
1.020 
0.883 
NS 
Vegetative 
50%WW 
6.53 
11.35 
9.53 
7.35 
8.69 
stage 
100% WW 
8.17 
14.09 
11.31 
8.24 
10.45 
Flowering stage 
50% WW 
14.39 
26.10 
21.72 
18.47 
20.17 
100% WW 
17.15 
30.48 
27.24 
22.35 
24.31 
Fruiting stage 
50% WW 
5.78 
9.38 
8.28 
6.34 
7.45 
CD at 5% 
100% WW 
7.55 
13.68 
10.48 
7.16 
9.72 
Flowering stage 
1.083 
0.938 
NS 
Mean 
6.71 
11.57 
9.53 
7.07 
Mean 
14.25 
26.27 
22.39 
19.04 
Mean 
5.93 
10.55 
8.29 
6.02 
Fruiting stage 
1.059 
0.918 
NS 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha" . A uniform dose of P 
and K in kg ha' was also applied basally. NS = Non significant. 
Table 12. Effect of GW, 50%WW and 100%WW on shoot fresh weight plant"' (g) of 
Trigonella foenum-graecum cv. Desi with four levels of nitrogen. 
Treatments 
No 
N,o 
N20 
N30 
Mean 
No 
N,o 
N20 
N30 
Mean 
No 
N,o 
N20 
N30 
Mean 
Water 
Nitrogen 
Interaction 
GW 
6.30 
12.10 
9.90 
7.90 
9.05 
GW 
10.80 
18.70 
16.40 
13.75 
14.91 
GW 
14.70 
23.30 
21.40 
17.50 
19.23 
Vegetative stage 
0.624 
0.540 
1.081 
Vegi 
50% WW 
7.50 
13.80 
14.10 
8.60 
11.00 
etative stage 
100%WW 
8.70 
15.70 
13.20 
11.20 
12.20 
Flowering stage 
50% WW 
11.60 
19.30 
17.20 
14.70 
15.70 
100% WW 
12.40 
20.60 
18.90 
16.50 
17.10 
Fruiting stage 
50% WW 
16.20 
25.40 
23.65 
18.20 
20.86 
CD at 5% 
Flowering: 
0.548 
0.475 
NS 
100% WW 
18.80 
28.90 
24.20 
22.10 
23.50 
stage 
Mean 
7.50 
13.87 
12.40 
9.23 
Mean 
11.60 
19.53 
17.50 
14.98 
Mean 
16.57 
25.87 
23.08 
19.27 
Fruiting stage 
0.622 
0.539 
1.078 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha' . A uniform dose of P 
and K was also applied basally. NS = Non significant. 
Experimental Results 
than GW. Even 50% WW recorded 21.55%, 5.30% and 8.48% higher values than 
GW showing the utility of wastewater in enhancing the growth. Like plant height, 
fresh weight also enhanced consistently with the increase in age. Nio proved most 
effective treatment as it recorded 84.93%, 68.36%, 56.13% more fresh weight than 
No at three stages. This parameter was also adversely affected with higher nitrogen 
doses (N20 and N30). Although N30 proved toxic still it was better than NQ. Among 
interactions, at vegetative stage 100%WWxNo was at par with 50%WWxN3o and 
GWxNso showing the utility of WW in providing the sufficient nitrogen for the 
enhancement of fresh weight and adverse effect of higher N dose. While at 
fruiting, 100%WWxNo was at par with GWXNSQ. Among the interactions 
100%WWxNio proved best. 
4.1.1.6 Shoot dry weight plant' 
Increase in shoot dry weight was positively affected with wastewater and 
the values obtained with three water treatments were statistically different (Table 
13). Thus, 100%WW gave 34.93%, 11.35% and 17.89% more dry weight over 
GW, at three stages. Dry weight also increased with the increase in age. The 
treatment, Nio gave the best results. It recorded an increase of 85.63%, 52.12% 
and 63.41% over NQ. Interaction was significant only at fruiting. 100%WWxNio 
gave 85.71% increase over GWXNQ. The combination 100%WWxNo was at par 
with GWxNso Therefore, wastewater without nitrogen fertilization proved as 
effective as GW with comparatively higher dose of nitrogen which could have 
phytotoxic effect. 
4.1.1.7 Leaf number plant' 
Wastewater proved good in leaf production also where 100%WW recorded 
30.84%, 12.21% and 10.26% more leaves than GW at three stages respectively 
(Table 14). Even 50% WW recorded 13.77%, 6.17% and 4.28% more leaves than 
GW, Leaf number enhanced with the increase in growth period, however it was 
more between vegetative to flowering in comparison between flowering to 
fruiting. Among the fertilizer treatments, all the values were critically different. 
N\o being optimum recording 46,56%, 57.91% and 39,62% more leaf number over 
No. The higher doses (N20 and N30) were excessive as in both leaf production 
decreased. It may be pointed out that at vegetative stage when the crop is generally 
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Table 13. Effect of GW, 50%WW and 100%WW on shoot dry weight plant"' (g) of 
Trigonella foenum-graecum cv. Desi with four levels of nitrogen. 
Treatments 
No 
N,o 
N20 
N30 
Mean 
No 
N,o 
N20 
N30 
Mean 
No 
Nio 
N20 
N30 
Mean 
Water 
Nitrogen 
Interaction 
GW 
1.44 
2.78 
2.29 
1.86 
2.09 
GW 
2.86 
4.46 
4.28 
3.55 
3.79 
GW 
3.78 
6.35 
5.15 
4.38 
4.92 
Vegetative stage 
0.208 
0.180 
NS 
Veg( 
50%WW 
1.72 
3.27 
3.15 
2.02 
2.54 
stative stage 
100% WW 
2.05 
3.63 
3.02 
2.59 
2.82 
Flowering stage 
50%WW 
3.11 
4.60 
4.38 
3.88 
3.99 
100% WW 
3.25 
4.95 
4.50 
4.17 
4.22 
Fruiting stage 
50% WW 
4.09 
6.72 
5.76 
4.53 
5.28 
CD at 5% 
100% WW 
4.44 
7.02 
6.12 
5.62 
5.80 
Flowering stage 
0.164 
0.142 
NS 
Mean 
1.74 
3.23 
2.82 
2.16 
Mean 
3.07 
4.67 
4.39 
3.87 
Mean 
4.10 
6.70 
5.68 
4.84 
Fruiting stage 
0.185 
0.160 
0.320 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha' . A uniform dose of P 
and K was also applied basally. NS = Non significant. 
Table 14. Effect of GW, 50%WW and 100%WW on leaf number planf' of 
Trigonella foenum-graecum cv. Desi with four levels of nitrogen. 
Treatments 
No 
N,o 
N20 
N30 
Mean 
No 
N,o 
N20 
N30 
Mean 
No 
N,o 
N20 
N30 
Mean 
Water 
Nitrogen 
Interaction 
GW 
39.25 
53.20 
45.20 
41.36 
44.75 
GW 
93.22 
140.52 
135.65 
129.32 
124.68 
GW 
115.70 
162.62 
156.70 
142.15 
144.29 
Vegetative stage 
2.320 
2.009 
4.019 
Vegetative 
50% WW 
41.62 
62.15 
50.28 
49.60 
50.91 
stage 
100% WW 
45.22 
69.45 
61.30 
58.21 
58.55 
Flowering stage 
50% WW 
97.45 
154.85 
141.42 
135.75 
132.37 
100% WW 
101.65 
166.25 
149.26 
142.45 
139.90 
Fruiting stage 
50% WW 
121.55 
169.35 
162.35 
148.57 
150.46 
CD at 5% 
100%WW 
128.50 
178.70 
167.59 
161.61 
159.10 
Flowering stage 
2.754 
2.385 
4.770 
Mean 
42.03 
61.60 
52.26 
49.72 
Mean 
97.44 
153.87 
142.11 
135.84 
Mean 
121.92 
170.22 
162.21 
150.78 
Fruiting stage 
2.941 
2.547 
NS 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha". A uniform dose of P 
and K was also applied basally. NS = Non significant. 
Experimental Results 
marketed, 100%WW proved beneficial. The doses having more nitrogen N20 and N30 
were effective when applied with GW showing the utility of wastewater as the 
combinations 100% WWXNQ, GWXN20, 50%WWxNo and GWxNso were at par in 
their effect. The optimum combination 100%WWxNio showed 76.94% and 78.34% 
more leaf number at vegetative and flowering stages respectively when compared 
with GWxNo while interaction was non-significant at fruiting stage. 
4.1.1.8 Flower number plant' 
Effect of three water treatments was significant. Thus 100%WW recorded 
8.82% and 20.16% increase over GW (Table 15a). At flowering expectedly the 
number increased while at fruiting it decreased as the flowers changed to pods. At 
flowering, the treatment Nio was optimum and showed an increase of 31.58% and 
34.79% over No while N20 and N30 proved deleterious but at fiiiiting N20 was at par 
with the optimum dose and No expectedly gave the lowest value. The interaction 
between 100%WWxNio proved best and it showed an increase of 39.80% and 65.48% 
over GWxNo. At flowering stage, most of the interactions were critically different 
while at Suiting the optimum combination was at par with 100%)WWxN2o showing 
the luxury consumption of nitrogen. 
4.1.1.9 Pod number plant"' 
Pod formation started during flowering stage and the wastewater proved 
effective in comparison to GW (Table 15b), where the values obtained under three 
water treatments were critically different, and the maximum pods were recorded with 
100%WW. It gave an increase of 20.76% and 6.22% over GW at flowering and 
fioiiting stages respectively. Expectedly pod number increased substantially at last 
stage of sampling. At the two stages of sampling, Nio proved best as it gave 28.20% 
and 29.68% more pods over No. Here also N20 and N30 proved deleterious. Interaction 
was significant at both the stages. 100%WWxNio gave 52.76% and 38.47% increase 
over GWXNQ. At flowering stage, 100%WWxN3o was at par with GWxN:o and 
100%WWxNio and 100%WWxNo was at par with 50%WWxN2o. 
4.1.2 Physiological parameters 
Total chlorophyll content, leaf NR activity, leaf CA activity and leaf NPK 
contents were studied at vegetative, flowering and fruiting stages (Tables 16 to 21). 
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Table 15. Effect of GW, 50%WW and 100%WW on (a) flower number plant"' and 
(b) pod number plant' 
levels of nitrogen. 
of Trigonella foenum-graecum cv. Desi with four 
Treatments 
GW 
Flower number plant" 
Flowering stage 
50%WW 100% WW Mean 
(a) No 
N,o 
N20 
N30 
27.49 
35.76 
31.54 
29.92 
28.15 
37.05 
33.55 
31.09 
28.89 
38.43 
35.19 
33.22 
28.18 
37.08 
33.43 
31.41 
Mean 31.18 32.46 33.93 
Fruiting stage 
No 
N,o 
N20 
N30 
6.72 
9.81 
9.76 
8.05 
7.47 
10.47 
10.41 
8.79 
9.08 
11.12 
11.08 
9.95 
7.76 
10.46 
10.42 
8.93 
Mean 8.58 9.28 10.31 
Pod nimiber plant"' 
Flowering stage 
(b) No 
N,o 
N20 
N30 
4.17 
5.42 
4.89 
4.38 
4.59 
5.94 
5.06 
4.83 
5.08 
6.37 
5.82 
5.52 
4.61 
5.91 
5.26 
4.91 
Mean 4.72 5.11 5.70 
Fruiting stage 
No 
N,o 
N20 
N30 
26.10 
32.86 
29.33 
27.38 
26.68 
34.69 
29.97 
28.57 
27.18 
36.14 
30.41 
29.16 
26.65 
34.56 
29.90 
28.37 
Mean 
Water 
Nitrogen 
Interaction 
28.92 29.98 30.72 
CD at 5% 
Flower number plant"' 
Flowering Fruiting 
0.184 0.065 
0.159 0.056 
0.318 0.112 
Pod number plant' 
Flowering Fruiting 
0.063 0.060 
0.054 0.052 
0.109 0.104 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha' . A uniform dose of? 
and K was also applied basally. 
Experimental Results 
4.1.2.1 Total chlorophyll content 
This parameter was also positively affected by the wastewater as both the 
concentrations were better than the GW (Table 16). 100%WW recorded 10.46%, 
9.46% and 12.14% increase over GW. The content were decreased with the increase 
in age. Like other parameters, Nio again proved optimum recording 21.60%, 21.70% 
and 22.85% more chlorophyll than No while N20 was at par with it showing luxury 
consumption. Among interactions, 100%WWxNio was optimum as it was at par with 
100%WWxN2o. The optimum dose gave an increase of 35.73%, 34.10% and 38.68% 
over GWXNQ. 
4.1.2.2 Leaf NR activity 
It was also positively affected by wastewater application (Table 17). The 
increase with 100%WW was 8.29%, 12.60% and 11.59% over GW at three sampling 
stages respectively. However, at vegetative stage effect of 50%WW and GW was 
similar. The activity of nitrate reductase decreased with increase in age. NR activity 
with fertilizer dose Nio was 14.60%, 21.16% and 21.21% more over control. At 
vegetative stage, on the one hand Nio was at par with N20 and on the other it was at 
par with N30. Thus Nio proved optimum while N20 and N30 proved luxury doses. 
However at later stages the trend was different where rate of NR activity decreased 
with the increase in fertilizer doses. Among the combinations, 100%WWxNio and 
100%WWXN20 were similar and the later was also similar to 50%WWxNio at 
flowering. At the same stage, 50%WWxN3o, GWxNio and GWXN20 were also at par 
while at fruiting 100%WWxNio, 100%WWxN2o were equally effective. Similarly 
50%WWx Nio, 100%WWxN3o and 50%WWxN2o were at par. 
4.1.2.3 CA activity 
Increase in enzyme activity with wastewater irrigation was observed at 
three stages and the values were critically different (Table 18). The increase was 
8.09%, 10.69% and 10.78% over GW. The CA activity like NR activity also 
decreased towards maturity. However, the effect of nitrogen fertilizer remained the 
same at flowering and fruiting stages, with Nio the optimum and N20 and N30 were 
the excessive doses while at vegetative stage Nio being optimum as it was at par 
with N20 and N30. CA activity increased up to 20.05%, 34.05%) and 21.51% by Nio 
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Table 16. Effect of GW, 50%WW and 100%WW on total chlorophyll content (mg 
g" fresh weight) of Trigonella foenum-graecum cv. Desi with four levels of 
nitrogen. 
Treatments 
No 
N,o 
N20 
N30 
Mean 
No 
N,o 
N20 
N30 
Mean 
No 
N,o 
N20 
N30 
Mean 
Water 
Nitrogen 
Interaction 
GW 
1.696 
2.029 
2.023 
1.824 
1.893 
GW 
1.525 
1.810 
1.801 
1.630 
1.692 
GW 
1.365 
1.607 
1.600 
1.457 
1.507 
Vegetative stage 
0.013 
0.011 
0.022 
Vegetative stage 
50%WW 
1.764 
2.149 
2.141 
1.897 
1.988 
100% WW 
1.860 
2.289 
2.302 
1.912 
2.091 
Flowering stage 
50%WW 
1.584 
1.899 
1.888 
1.689 
1.765 
100% WW 
1.620 
2.045 
2.037 
1.706 
1.852 
Fruiting stage 
50%WW 
1.415 
1.692 
1.687 
1.499 
1.573 
CD at 5% 
100% WW 
1.448 
1.893 
1.892 
1.526 
1.690 
Flowering stage 
0.013 
0.011 
0.022 
Mean 
1.773 
2.156 
2.155 
1.878 
Mean 
1.576 
1.918 
1.909 
1.675 
Mean 
1.409 
1.731 
1.726 
1.494 
Fruiting stage 
0.005 
0.004 
0.009 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha' . A uniform dose of P 
and K was also applied basally. 
Table 17. Effect of GW, 50%WW and 100%WW on leaf NR activity (^ mol g'' leaf 
fresh weight h"') of Trigonella foenum^raecum cv. Desi with four levels of 
nitrogen. 
Treatments 
No 
N,o 
N20 
N30 
Mean 
No 
N,o 
N20 
N30 
Mean 
No 
N,o 
N20 
N30 
Mean 
Water 
Nitrogen 
Interaction 
GW 
466.22 
557.92 
541.44 
516.34 
520.48 
GW 
342.82 
408.57 
406.73 
392.28 
387.60 
GW 
227.73 
291.72 
287.71 
287.31 
273.62 
Vegetative stage 
24.789 
21.468 
NS 
Vegetative 
50%WW 
486.91 
520.36 
562.68 
538.22 
527.04 
stage 
100% WW 
503.82 
591.38 
588.56 
570.81 
563.64 
Flowering stage 
50%WW 
369.18 
454.26 
439.62 
411.25 
418.58 
100% WW 
385.10 
466.42 
456.60 
437.57 
436.42 
Fruiting stage 
50%WW 
258.70 
308.84 
305.58 
291.06 
291.05 
CD at 5% 
100% WW 
274.28 
321.46 
318.72 
306.82 
305.32 
Flowering stage 
6.189 
5.360 
10.721 
Mean 
485.65 
556.55 
564.23 
541.79 
Mean 
365.70 
443.08 
434.32 
413.70 
Mean 
253.57 
307.34 
304.00 
295.06 
Fruiting stage 
2.023 
1.752 
3.503 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha" . A uniform dose of P 
and K was also applied basaliy. NS = Non significant. 
Table 18. Effect of GW, 50%WW and 100%WW on carbonic anhydrase activity 
[mol (CO2) kg'' (leaf fresh mass) s" ] oi Trigonella foenum-graecum cv. Desi 
with four levels of nitrogen. 
Vegetative stage 
1 rcauiiciiib 
No 
N,o 
N20 
N30 
GW 
3.68 
4.42 
4.39 
3.83 
50% WW 
3.85 
4.58 
4.54 
3.99 
100% WW 
3.98 
4.82 
4.79 
4.05 
Mean 
3.84 
4.61 
4.57 
3.96 
Mean 4.08 4.24 4.41 
Flowering stage 
GW 50%WW 100%WW Mean 
No 
N,o 
N20 
N30 
2.64 
3.60 
3.51 
2.98 
2.79 
3.68 
3.62 
3.17 
2.94 
3.95 
3.90 
3.28 
2.79 
3.74 
3.68 
3.14 
Mean 3.18 3.32 3.52 
Fruiting stage 
GW 50% WW 100% WW Mean 
No 
N,o 
N20 
N30 
1.72 
2.26 
2.24 
1.92 
1.86 
2.33 
2.28 
2.01 
1.98 
2.49 
2.46 
2.11 
1.85 
2.36 
2.33 
2.01 
Mean 
Water 
Nitrogen 
Interaction 
2.04 
Vegetative stage 
0.038 
0.033 
0.066 
2.12 2.26 
CD at 5% 
Flowering stage 
0.028 
0.024 
0.049 
Fruiting stage 
0.019 
0.017 
0.034 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha' . A uniform dose of P 
and K was also applied basally. 
Experimental Results 
over No. It was observed that fertilizer treatments Nio and N20 were at par in 
combination with 100%WW at three stages of sampling while GWxNso was 
equalled by 50%WWxNo and 100%WWxNo at vegetative and flowering stages 
respectively. 
4.1.2.4 Leaf NPK contents 
4.1.2.4.1 Nitrogen 
Wastewater application improved the leaf nitrogen content also at all the 
three sampling stages and the effect of wastewater was critically different at 
vegetative and fruiting stages but at flowering 50%WW was at par with GW 
(Table 19). An increase of 5.80%, 4.45% and 5.84% was recorded with 100%WW 
over GW. The nitrogen content decreased with the age of the plant. Nio being 
optimum, N20 and N30 showed adverse effect while No gave the lowest value. The 
increase at the three successive stages of growth by Nio was 19.59%, 19.75% and 
18.49% over No. The combination 100%WWxNo gave 3.88% and 3.25% increase 
over GW with no fertilizer showing the wastewater as a source of nitrogen. 
100%WWxNo and GWxNjo were at par; and GWxNao was at par with 
100%WWxN3o at vegetative stage while at flowering stage, 100%)WWxNo, 
GWXN30 and 50% WWXN20 were also at par. 
4.1.2.4.2 Phosphorus 
Like nitrogen content here also 100%WW proved effective (Table 20). It 
recorded 8.79%), 10.95% and 9.27% increase over GW. The three treatments of 
water were critically different. Even 50%WW recorded 4.77%, 2.31%» and 4.84% 
higher values than GW. The phosphorus content decreased with the increase in 
growth. Regarding fertilizer treatment Nio proved optimum being at par with N20 
at vegetative and flowering while at fruiting N20 and N30 were excessive therefore, 
recorded lower values than Nio which gave an increase of 21.83%), 16.52% and 
18.72% over control. The interaction between 100%WWxNio and 100%WWxN2o 
and also in 50%WWxNio and 50%WWxN2o were at par at the two early stages 
while at last stage all interactions were individually different. 
4.1.2.4.3 Potassium 
Like nitrogen and phosphorus increase in potassium content with 
wastewater irrigation was observed at vegetative, flowering and fruiting stages 
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Table 19. Effect of GW, 50%WW and 100%WW on nitrogen content (%) of 
Trigonellafoenum-graecum cv. Desi with four levels of nitrogen. 
Treatments 
No 
N,o 
N20 
N30 
Mean 
No 
N,o 
N20 
N30 
Mean 
No 
N,o 
N20 
N30 
Mean 
Water 
Nitrogen 
Interaction 
GW 
3.35 
3.94 
3.70 
3.50 
3.62 
GW 
3.08 
3.61 
3.58 
3.21 
3.37 
GW 
2.86 
3.33 
3.14 
3.00 
3.08 
Vegetative stage 
0.030 
0.026 
0.051 
Vegetative stage 
50%WW 
3.42 
4.06 
3.77 
3.57 
3.71 
100% WW 
3.48 
4.28 
3.88 
3.69 
3.83 
Flowering stage 
50% WW 
3.16 
3.74 
3.46 
3.27 
3.41 
100% WW 
3.18 
3.94 
3.56 
3.39 
3.52 
Fruiting stage 
50% WW 
2.92 
3.45 
3.23 
3.05 
3.16 
CD at 5% 
100% WW 
2.98 
3.60 
3.31 
3.15 
3.26 
Flowering stage 
0.041 
0.036 
0.071 
Mean 
3.42 
4.09 
3.78 
3.59 
Mean 
3.14 
3.76 
3.53 
3.29 
Mean 
2.92 
3.46 
3.23 
3.07 
Fruiting stage 
0.044 
0.038 
NS 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha'. A uniform dose of P 
and K was also applied basally. NS = Non significant. 
Table 20. Effect of GW, 50%WW and 100%WW on phosphorus content (%) of 
Trigonella foenuni'graecum cv. Desi with four levels of nitrogen. 
Treatments 
No 
N,o 
N20 
N30 
Mean 
No 
N,o 
N20 
N30 
Mean 
No 
N,o 
N20 
N30 
Mean 
Water 
Nitrogen 
Interaction 
GW 
0.363 
0.424 
0.420 
0.384 
0.398 
GW 
0.318 
0.369 
0.365 
0.337 
0.347 
GW 
0.227 
0.265 
0.261 
0.238 
0.248 
Vegetative stage 
0.005 
0.004 
0.008 
Vegetative 
50%WW 
0.371 
0.453 
0.448 
0.396 
0.417 
stage 
100% WW 
0.380 
0.478 
0.472 
0.403 
0.433 
Flowering stage 
50%WW 
0.326 
0.377 
0.369 
0.348 
0.355 
100% WW 
0.356 
0.418 
0.415 
0.351 
0.385 
Fruiting stage 
50% WW 
0.232 
0.279 
0.276 
0.251 
0.260 
CD at 5% 
100% WW 
0.245 
0.292 
0.287 
0.258 
0.271 
Flowering stage 
0.007 
0.006 
0.012 
Mean 
0.371 
0.452 
0.447 
0.394 
Mean 
0.333 
0.388 
0.383 
0.345 
Mean 
0.235 
0.279 
0.275 
0.249 
Fruiting stage 
0.002 
0.002 
0.004 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha' . A uniform dose of P 
and K was also applied basally. 
Table 21. Effect of GW, 50%WW and 100%WW on potassium content (%) of 
Trigonella foenunrgraecum cv. Desi with four levels of nitrogen. 
Treatments 
No 
N,o 
N20 
N30 
Mean 
No 
N,o 
N20 
N30 
Mean 
No 
N,o 
N20 
N30 
Mean 
Water 
Nitrogen 
Interaction 
GW 
3.65 
4.50 
4.49 
4.08 
4.18 
GW 
3.10 
3.52 
3.51 
3.40 
3.38 
GW 
2.40 
2.72 
2.72 
2.62 
2.62 
Vegetative stage 
0.045 
0.039 
NS 
Vegetative 
50% WW 
3.80 
4.64 
4.63 
4.21 
4.32 
Flowering 
50% WW 
3.16 
3.66 
3.65 
3.51 
3.50 
stage 
100% WW 
3.87 
4.76 
4.75 
4.30 
4.42 
stage 
100% WW 
3.21 
3.75 
3.73 
3.56 
3.56 
Fruiting stage 
50% WW 
2.47 
2.85 
2.84 
2.71 
2.71 
CD at 5% 
100% WW 
2.50 
2.91 
2.90 
2.79 
2.77 
Flowering stage 
0.016 
0.014 
0.028 
Mean 
3.77 
4.63 
4.62 
4.20 
Mean 
3.16 
3.64 
3.63 
3.49 
Mean 
2.45 
2.82 
2.82 
2.71 
Fruiting stage 
0.011 
0.009 
0.018 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha' . A uniform dose of P 
and K was also applied basaily. NS = Non significant. 
Experimental Results 
(Table 21). It was 5.74%, 5.33% and 5.73% more than GW while the increase with 
50% WW was 3.35%, 3.56% and 3.44%. Potassium content were decreased with 
the increase in plant age in all the three treatments. The values obtained with three 
water treatments were statistically different. Lower nitrogen dose (Nio) was 
optimum as N20 was at par with it thus proved luxury dose while N30 proved 
excessive. Interaction was non-significant at vegetative stage, while at flowering 
and fruiting, 100%WWx Nio and 100% WWXN20 gave similar results. It was also 
observed that Nio and N20 with 50%WW gave at par values. Similarly, GWxNio, 
GWXN20 and 50%)WWxN3o were at par at flowering stage. It may be noted that out 
of three nutrients K was the maximum in concentration followed by nitrogen and 
phosphorus. 
4.1.3 Yield and quality parameters 
Pod number plant'', pod length, seed number pod"', 1000 seed weight, seed 
yield plant"', biological yield plant"', seed protein content and seed carbohydrate 
content were studied at harvest (Tables 22 to 24). 
4.1.3.1 Pod number plant"' 
100% wastewater significantly enhanced the number of pods by 6.32% 
over GW irrigation proving its utility as a source of nutrients while using it for 
irrigation. Similarly 50%WW gave 2.71%) more pods (Table 22a). Nio proved the 
optimum fertilizer dose as it gave 17.42%) increase over No. It is to be noted that 
N20 and N30 were adversely effective as the two treatments gave lower values than 
NiQ. 100%)WWxNio gave 24.64%) more pods over GWXNQ. The combination 
100%)WWxNo was at par with 50%)WWxN3o on the one hand while it was at par 
with GWXN30 on the other. Most of other interactions were critically different. 
4.1.3.2 Pod length 
No significant effect on this parameters by wastewater was observed while 
it was significantly affected by nitrogen as the treatment Njo gave an increase of 
17.87% over No (Table 22b). The other two doses (N20 and N30) showed adverse 
effect where N30 was also equaled by NQ showing toxicity of nitrogen when 
applied at higher level. 
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Table 22. Effect of GW, 50%WW and 100%WW on (a) pod number plant'', (b) pod 
length (cm), (c) seed number pod" and (d) 1000 seed weight 
Trigonellafoenum-graecum cv. Desi with four levels of nitrogen. 
(g) of 
Treatments 
(a) No 
N,o 
N20 
N30 
Mean 
(b) No 
Nio 
N20 
N30 
Mean 
(c) No 
N,o 
N20 
N30 
Mean 
(d) No 
N,o 
N20 
N30 
Mean 
Water 
Nitrogen 
Interaction 
GW 
32.59 
37.27 
35.26 
33.44 
34.64 
10.14 
12.03 
11.16 
10.60 
10.98 
15.22 
15.24 
14.82 
14.60 
14.97 
3.47 
3.97 
3.82 
3.72 
3.75 
Pod nimiber 
plant'' 
0.230 
0.199 
0.398 
Pod number plant'' 
50%WW 
33.11 
38.95 
36.18 
34.08 
35.58 
Pod 
10.37 
12.20 
11.39 
10.69 
11.16 
100% WW 
33.82 
40.62 
38.12 
34.75 
36.83 
length 
10.54 
12.37 
11.55 
10.81 
11.32 
Seed number pod'' 
14.62 
15.86 
15.35 
14.95 
15.20 
14.90 
16.26 
15.70 
15.19 
15.51 
1000 seed weight 
3.43 
4.11 
3.92 
3.82 
3.82 
3.63 
4.22 
4.08 
3.69 
3.91 
CD at 5% 
Pod length 
NS 
0.349 
NS 
Seed number 
plant"' 
NS 
0.521 
NS 
Mean 
33.17 
38.95 
36.52 
34.09 
10.35 
12.20 
11.37 
10.70 
14.91 
15.79 
15.29 
14.91 
3.51 
4.10 
3.94 
3.74 
1000 seed 
weight 
0.070 
0.061 
0.122 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha" 
and K was also applied basally. NS = Non significant. 
A uniform dose of P 
Experimental Results 
4.1.3.3 Seed number pod'* 
This parameter was not affected by wastewater, however fertilizer 
treatment, Nio again proved optimum as it was at par with N20 which proved as 
luxury dose (Table 22c). Nio gave an increase of 5.90% over NQ. Higher dose of 
nitrogen (N30) was deleterious as this dose gave at par seeds as given by NQ. 
4.1.3.4 1000 seed weight 
An increase of 4.27% was recorded by 100%WW application in 1000 seed 
weight over GW (Table 22d). While 50%WW and GW were equally effective. The 
nitrogen dose, Nio proved optimum in this parameter also and it showed an 
increase of 16.80% over NQ. The two other doses (N20 and N30) could not enhance 
this parameter while No gave the lowest value. Among interactions, 
100%WWxNio gave more test weight over GWXNQ. Interestingly wastewater 
without nitrogenous fertilizer was as good as 30 kg N ha"' applied with GW. 
4.1.3.5 Seed yield plant"^ 
Application of both concentrations of wastewater resulted in higher yields 
as compared to groundwater (Table 23a). Thus, 100%WW gave an increase of 
10.46% and after dilution (50%WW) it gave 5.04% increase over GW. Among the 
fertilizer doses, Nio showed an increase of 30.97% over No thus proved optimum 
for enhancing the seed yield. The two higher doses, N20 and N30 were deleterious. 
Regarding interactions, 100%WWxNio proved optimum and it gave 42.81% more 
seed yield over GWxNo proving the effectivity of wastewater and nitrogen at 
lower level. The combinations 50%WWxN3o and GWXN30 were equally effective 
and the latter was at par with 100%WWxNo. Thus it may be concluded that 100% 
wastewater without nitrogen dose was as effective as 30 kg N ha'' with 
groundwater, thereby reducing the excessive use of inorganic fertilizers in 
vegetable cultivation specially when wastewater is applied as a source of irrigation 
where either less N or even without N will serve the purpose of farmer. 
4.1.3.6 Biological yield plant'^ 
It was positively affected by wastewater as it was more in higher 
concentration (Table 23b). The increase with 100%WW was 7.17% while with 
50%WW it was 2.72% over GW. The pattern of fertilizer and water treatments 
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Table 23. Effect of GW, 50%WW and 100%WW on (a) seed yield plant"' (g) and (b) 
biological yield plant"' (g) of Trigonella foenum-graecum cv. Desi with four 
levels of nitrogen. 
i reaimenis 
(a) No 
Nio 
N20 
N30 
Mean 
(b) No 
N,o 
N20 
N30 
Mean 
Water 
Nitrogen 
Interaction 
GW 
2.990 
3.830 
3.560 
3.270 
3.413 
GW 
8.13 
9.88 
9.72 
9.07 
9.20 
Seed 
Seed yield plant"' 
50%WW 
3.080 
4.040 
3.890 
3.330 
3.585 
100% WW 
3.200 
4.270 
4.120 
3.490 
3.770 
Biological yield plant"' 
50% WW 
8.23 
10.29 
10.08 
9.21 
9.45 
CD at 5% 
yield plant"' 
0.049 
0.043 
0.085 
100% WW 
8.48 
10.77 
10.56 
9.62 
9.86 
1 
Mean 
3.090 
4.047 
3.857 
3.363 
Mean 
8.28 
10.31 
10.12 
9.30 
Biological yield plant"' 
0.035 
0.030 
0.061 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha' . A uniform dose of P 
and K was also applied basally. 
Experimental Results 
was similar to that observed in seed yield. Nio was optimum and gave an increase 
of 24.52% over NQ. The biological yield was also adversely affected by N20 and 
Nso.The combination of 100%WWxNio gave an increase of 32.47% over GWxNo 
and most of the interaction combinations were statistically different in their 
values. 
4.1.3.7 Seed protein content 
Seed protein content showed an increase of 3.73% with 100%WW and 
1.39% with 50%WW further highlighting the effective use of wastewater (Table 
24a). Protein content were also increased with nitrogen application. Thus an 
increase of 9.73%) over No was observed under Nio. The higher dose N20 proved 
luxury, N30 was wasteful. The combination 100%)WWxNio proved best and it gave 
an increase of 15.65% over GWXNQ showing the role of N in protein and effective 
use of wastewater together. 
4.1.3.8 Seed carbohydrate content 
Wastewater irrigation also proved effective in enhancing the seed 
carbohydrate content (Table 24b), where 100%)WW gave an increase of 2.30% 
over GW. Carbohydrate content followed similar trend as observed in seed protein 
for nitrogen treatments. The dose Nio proved optimum which registered an 
increase of 5.92% over No. Among interactions, 100%oWWx Nio proved best 
followed by 50%WWxN2o. It may be noted that 100%WWx No gave 1.82% more 
carbohydrate content over GWXNQ. 
4.2 Experiment II (Spinach) 
This experiment was conducted along with experiment I to study the 
comparative effect of wastewater (WW) with groundwater (GW) along with four 
levels of nitrogen including control. Like experiment I, growth and physiological 
parameters were recorded at three stages while yield attributes at harvest. Only the 
significant data are summarized below: 
4.2.1 Growth parameters 
Seven growth parameters namely :plant height, root fresh weight, root dry 
weight, shoot fresh weight, shoot dry weight, leaf number and leaf area plant'' 
were observed (Tables 25 to 31). 
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Table 24. Effect of GW, 50%WW and 100%WW on (a) seed protein content (%) 
and (b) seed carbohydrate content (%) of Trigonella foenum-graecum cv. 
Desi with four levels of nitrogen. 
1 reatmenis 
(a) No 
N,o 
N20 
N30 
Mean 
(b) No 
N,o 
N20 
N30 
Mean 
Water 
Nitrogen 
Interaction 
GW 
25.75 
28.11 
28.00 
27.40 
27.31 
GW 
43.96 
46.39 
46.38 
45.77 
45.63 
Seed] protein i 
0.363 
0.315 
0.629 
Seed protein 
50%WW 
26.30 
28.71 
28.67 
27.08 
27.69 
content 
100% WW 
26.88 
29.78 
29.16 
27.52 
28.33 
Seed carbohydrate content 
50% WW 
44.45 
46.62 
47.42 
46.50 
46.25 
CD at 5% 
content 
100% WW 
44.76 
48.04 
47.09 
46.82 
46.68 
Seed carbohydrate 
0.112 
0.097 
0.194 
Mean 
26.31 
28.87 
28.61 
27.33 
Mean 
44.39 
47.02 
46.96 
46.36 
; content 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha' . A uniform dose of P 
and K was also applied basally. 
Experimental Results 
4.2.1.1 Plant height 
Wastewater, in general, proved beneficial in enhancing the plant height 
(Table 25). Greater height was achieved with 100%WW irrigation as compared to 
50%WW at three growth stages and gave an increase of 15.43%, 6.00% and 5.61%) 
over GW. Plant height increased consistently upto the last sampling. N40 proved 
most effective dose giving more plant height in comparison to No. N20 proved 
deficient while Neo was excessive. Among interactions, 100%)WWxN4o proved 
most effective combination foJJowed by 50%WWxN4o. The former combination 
gave 26.48% increase over GWXNQ at fruiting stage. 100%WWxNo was at par 
with GWxNeo-
4.2.1.2 Root fresh weight plant"' 
Like plant height, wastewater irrigation also improved the root fresh weight 
significantly (Table 26). The values obtained imder the three water treatments 
were statistically different at all the three stages of sampling. The root fresh 
weight increased with the increase in the age of plant and it was more between 
vegetative to flowering than flowering to fruiting stage. Expectedly No gave the 
lowest value followed by Neo which proved toxic while N20 was deficient and N40 
being optimum gave an increase of 52.57%), 54.89% and 39.23%) over NQ. The 
combination of 100%WWxN4o gave significantly more fresh weight over GWXNQ. 
4.2.1.3 Root dry weight 
Both 100%WW and 50%WW proved superior to GW for this parameter 
(Table 27). 100%WW increased it upto 15.56%, 18.07% and 11.86% over GW. 
The three water treatments were critically different. Like fresh weight, dry weight 
also increased from vegetative to fruiting. The trend of fertilizer remained the 
same as observed in fresh weight, where No showed the lowest value, N20 proved 
deficient, Neo toxic while N40 optimum. 100%WWxN4o gave an increase of 
73.32%, 84.43% and 63.98% over GWXNQ. 100%WWXNO gave the value which 
was statistically similar with the value given by GWxNeo at all the three sampling 
stages and thereby showing the adverse effect of higher dose of N even when 
given with GW. 
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Table 25. Effect of GW, 50%WW and 100%WW on plant height (cm) oiSpinecea 
oleracea cv. Kaveri with four levels of nitrogen. 
Treatments 
No 
N20 
N40 
Neo 
Mean 
No 
N20 
N40 
N60 
Mean 
No 
N20 
N40 
N60 
Mean 
Water 
Nitrogen 
Interaction 
GW 
15.65 
20.25 
25.15 
19.08 
20.03 
GW 
37.48 
42.67 
46.76 
41.14 
42.01 
GW 
55.62 
61.25 
66.82 
58.95 
60.66 
Vegetative stage 
0.832 
0.720 
NS 
Vegetative 
50%WW 
16.78 
23.12 
26.29 
20.42 
21.65 
Flowering 
50% WW 
38.96 
43.92 
48.25 
42.09 
43.31 
stage 
100% WW 
17.86 
24.72 
28.12 
21.78 
23.12 
stage 
100% WW 
39.68 
44.79 
50.45 
43.18 
44.53 
Fruiting stage 
50% WW 
57.18 
64.68 
68.42 
60.42 
62.67 
CD at 5% 
100% WW 
58.56 
65.39 
70.35 
61.95 
64.06 
Flowering stage 
1.057 
0.915 
NS 
Mean 
16.76 
22.70 
26.52 
20.43 
Mean 
38.71 
43.79 
48.49 
42.14 
Mean 
57.12 
63.77 
68.53 
60.44 
Fruiting stage 
0.519 
0.450 
0.900 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha' . A uniform dose of P 
and K was also applied basally. NS = Non significant. 
Table 26. Effect of GW, 50%WW and 100%WW on root fresh weight plant"' (g) of 
Spinecea oleracea cv. Kaveri with four levels of nitrogen. 
Treatments 
No 
N20 
N40 
N60 
Mean 
No 
N20 
N40 
N60 
Mean 
No 
N20 
N40 
N60 
Mean 
Water 
Nitrogen 
Interaction 
GW 
1.487 
1.772 
2.249 
1.716 
1.806 
GW 
18.79 
23.46 
29.25 
22.04 
23.39 
GW 
24.80 
28.19 
33.72 
27.05 
28.44 
Vegetative stage 
0.040 
0.034 
0.069 
Vegetative 
50%WW 
1.596 
1.858 
2.472 
1.787 
1.928 
Flowering 
50%WW 
20.95 
25.14 
31.87 
23.47 
25.36 
stage 
100% WW 
1.704 
2.133 
2.583 
1.956 
2.094 
stage 
100% WW 
22.23 
27.56 
34.89 
25.72 
27.60 
Fruiting stage 
50% WW 
26.33 
28.98 
36.16 
25.56 
29.26 
CD at 5% 
100% WW 
27.42 
30.75 
39.48 
28.13 
31.45 
Flowering stage 
0.277 
0.240 
0.480 
Mean 
1.596 
1.921 
2.435 
1.820 
Mean 
20.66 
25.39 
32.00 
23.74 
Mean 
26.18 
29.31 
36.45 
26.91 
Fruiting stage 
0.279 
0.241 
0.483 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha' . A uniform dose of P 
and K was also applied basally. 
Table 27. Effect of GW, 50%WW and 100%WW on root dry weight plant"' (g) of 
Spinecea oleracea cv. Kaveri with four levels of nitrogen. 
Treatments 
No 
N20 
N40 
N60 
Mean 
No 
N20 
N40 
N60 
Mean 
No 
N20 
N40 
N60 
Mean 
Water 
Nitrogen 
Interaction 
GW 
0.371 
0.442 
0.563 
0.424 
0.450 
GW 
4.69 
5.86 
7.26 
5.42 
5.81 
GW 
6.08 
7.00 
8.46 
6.79 
7.08 
Vegetative stage 
0.009 
0.008 
0.015 
Vegetative stage 
50% WW 
0.396 
0.456 
0.615 
0.442 
0.477 
100% WW 
0.424 
0.529 
0.643 
QA^5 
0.520 
Flowering stage 
50% WW 
5.25 
6.28 
7.87 
5.82 
6.30 
100% WW 
5.56 
6.87 
8.65 
6.35 
6.86 
Fruiting stage 
50%WW 
6.52 
7.18 
9.09 
6.92 
7.43 
CD at 5% 
100% WW 
6.79 
7.64 
9.97 
7.26 
7.92 
Flowering stage 
0.096 
0.083 
0.165 
Mean 
0.397 
0.476 
0.607 
0.450 
Mean 
5.17 
6.34 
7.93 
5.86 
Mean 
6.46 
7.27 
9.17 
6.99 
Fruiting stage 
0.081 
0.070 
0.140 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha"^ A uniform dose of P 
and K was also applied basally. 
Experimental Results 
4.2.1.4 Shoot fresh weight plant' 
Like root weight, wastewater irrigation also improved the shoot fresh 
weight significantly (Table 28). The effect of water treatments was significantly 
different. 100%WW proved good when compared with 50%WW and GW. It gave 
an increase of 30.59%, 16.66% and 14.06% over GW. Fresh weight increased with 
the increase in plant age. No gave the lowest value followed by Neo which proved 
toxic, while N20 was deficient and N40 optimum. This treatment gave an increase 
of 118.36%, 50.40% and 42.84% over control. Among the interactions, 
100%WWxN4o proved best as it recorded 195.74%, 79.84% and 66.17% increase 
over GWxNo at three stages. 100%WWxNo was at par with GWxNeo at vegetative 
and fruiting stages which showed the utility of wastewater and saving of the soil 
and water both ground as well as surface from the excessive use of nitrogenous 
fertilizer. 
4.2.1.5 Shoot dry weight plant"' 
It also enhanced significantly due to wastewater irrigation (Table 29). The 
increase over GW irrigation was 21.74%, 16.75% and 17.98%. The effect of 
fertilizer treatment on dry weight followed similar trend as noted in shoot fresh 
weight. The treatment, N40 proved optimum and Neo again proved toxic while N20 
was deficient. The trend of increase was similar to shoot fresh weight. The 
interactive effect of wastewater and fertilizer was best in the combination 
100%WWxN4o at flowering as it gave an increase of 82.75% over GWXNQ. 
4.2.1.6 Leaf number plant' 
Irrigation with wastewater resulted in higher leaf number where 100%)WW 
gave the highest value (Table 30) giving 19.78%>, 10.52% and 8.00%) increase at 
vegetative, flowering and fruiting stages respectively. Leaf production increased 
with the increase in plant age. Fertilizer treatments also enhanced this parameter. 
N40 proved best and the increase recorded with this treatment was 65.08%, 38.44% 
and 33.18% over No. The lowest leaf number was given by No followed by Neo 
which proved deleterious and N20 was deficient. At vegetative stage, the 
interactive effect of 100%WWxN2o and GWXN40 was similar. Likewise the 
combinations 50%WWxN2o and 100%WWxN6o, 100%WWxNo and GWxNeo were 
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Table 28. Effect of GW, 50%WW and 100%WW on shoot fresh weight plant"' (g) of 
Spinecea oleracea cv. Kaveri with four levels of nitrogen. 
Treatments 
No 
N20 
N40 
N60 
Mean 
No 
N20 
N40 
N60 
Mean 
No 
N20 
N40 
N60 
Mean 
Water 
Nitrogen 
Interaction 
GW 
4.69 
7.81 
11.36 
6.72 
7.65 
GW 
13.84 
17.73 
20.48 
15.17 
16.81 
GW 
18.27 
23.08 
26.68 
22.13 
22.54 
Vegetative stage 
0.251 
0.218 
0.436 
Vegetative 
50% WW 
5.52 
9.24 
12.24 
7.69 
8.67 
stage 
100%WW 
6.96 
10.58 
13.87 
8.57 
9.99 
Flowering stage 
50% WW 
14.27 
18.36 
21.94 
16.45 
17.76 
100% WW 
16.64 
19.39 
24.89 
17.50 
19.61 
Fruiting stage 
50%WW 
19.67 
24.42 
28.29 
24.07 
24.11 
CD at 5% 
100% WW 
21.79 
25.83 
30.36 
24.85 
25.71 
Flowering stage 
0.205 
0.177 
0.355 
Mean 
5.72 
9.21 
12.49 
7.66 
Mean 
14.92 
18.49 
22.44 
16.37 
Mean 
19.91 
24.44 
28.44 
23.68 
Fruiting stage 
0.301 
0.260 
0.521 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha'. A uniform dose of P 
and K was also applied basally. 
Table 29. Effect of GW, 50%WW and 100%WW on shoot dry weight plant"' (g) of 
Spinecea oleracea cv. Kaveri with four levels of nitrogen. 
Treatments 
No 
N20 
N40 
N60 
Mean 
No 
N20 
N40 
N60 
Mean 
No 
N20 
N40 
N60 
Mean 
Water 
Nitrogen 
Interaction 
GW 
2.13 
2.83 
3.63 
2.44 
2.76 
GW 
3.42 
4.45 
5.08 
3.75 
4.18 
GW 
4.82 
5.95 
7.16 
5.42 
5.84 
Vegetative stage 
0.112 
0.097 
NS 
Vegetative 
50% WW 
2.48 
3.14 
3.88 
2.63 
3.03 
Flowering 
50% WW 
3.52 
4.54 
5.44 
4.06 
4.39 
stage 
100% WW 
2.77 
3.58 
4.19 
2.88 
3.36 
stage 
100% WW 
4.11 
4.78 
6.25 
4.38 
4.88 
Fruiting stage 
50%WW 
5.14 
6.72 
7.51 
5.99 
6.34 
CD at 5% 
100% WW 
5.85 
7.04 
8.12 
6.56 
6.89 
Flowering stage 
0.043 
0.037 
0.074 
Mean 
2.46 
3.18 
3.90 
2.65 
Mean 
3.68 
4.59 
5.59 
4.06 
Mean 
5.27 
6.57 
7.60 
5.99 
Fruiting stage 
0.210 
0.182 
NS 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha" . A uniform dose of P 
and K was also applied basally. NS = Non significant. 
Table 30. Effect of GW, 50% WW and 100% WW on leaf number plant'' of Spinecea 
oleracea cv. Kaveri with four levels of nitrogen. 
Vegetative stage 
llCilUIlClllS 
No 
N20 
N40 
N60 
GW 
9.12 
13.36 
16.07 
12.01 
50% WW 
10.59 
14.18 
17.06 
12.92 
100% WW 
11.82 
15.76 
18.92 
14.08 
Mean 
10.51 
14.43 
17.35 
13.00 
Mean 12.64 13.69 15.14 
Flowering stage 
GW 50% WW 100% WW Mean 
No 
N20 
N40 
N60 
24.55 
28.94 
33.54 
28.12 
25.68 
29.86 
35.69 
30.16 
27.15 
31.28 
37.90 
30.96 
25.79 
30.03 
35.71 
29.75 
Mean 28.79 30.35 31.82 
Fruiting stage 
GW 50% WW 100% WW Mean 
No 
N20 
N40 
N60 
54.90 
64.58 
73.67 
62.48 
57.45 
68.26 
75.32 
64.35 
59.20 
70.85 
79.46 
66.56 
57.18 
67.90 
76.15 
64.46 
Mean 
Water 
Nitrogen 
Interaction 
63.91 
Vegetative stage 
0.218 
0.189 
0.378 
66.35 69.02 
CD at 5% 
Flowering stage 
0.175 
0.151 
0.303 
Fruiting stage 
0.810 
0.701 
NS 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha"r A uniform dose of P 
and K was also applied basally. NS = Non significant. 
Experimental Results 
also equal in effect, while at flowering stage 50%WWxN2o and 50%WWxN6o were 
at par. 
4.2.1.7 Leaf area plant'' 
Both 100%WW and 50%WW proved superior to GW (Table 31). With 
100%WW leaf area was increased by 18.68%, 5.63% and 7.64% over GW. Leaf 
area increased from vegetative to fruiting stage. The trend of fertilizer remained 
similar to earlier observations where N20 was deficient dose whereas Neo was toxic 
while N40 proved optimum. Among interactions, 100%WWxN4o was optimum 
followed by 50%WWxN4o at all the three stages. All the interactions were almost 
critically different at three samplings. 
4.2.2 Physiological parameters 
Physiological observations namely: total chlorophyll content, leaf NR 
activity, CA activity and leaf NPK contents were investigated at vegetative, 
flowering and fruiting stages. Most of the data were found significant (Tables 32 
to 37) and described briefly below: 
4.2.2.1 Total chlorophyll content 
The wastewater irrigation also increased the total chlorophyll content 
(Table 32) in this leafy vegetable crop. The three water treatments performed 
differently. The increase recorded with 100%WW at the three stages of sampling 
was 10.51%, 11.45% and 13.80%. The chlorophyll content decreased with the 
increase of age. N40, among the nitrogen treatments, proved optimum and recorded 
an increase of 28.72%, 27.73% and 37.47% over control whereas N20 was 
deficient and Neo was excessive. The interaction of 100%WWxN4o gave an 
increase of 39.24% and 43.78% over GWxNo at vegetative and flowering stages 
respectively. 100%WWxNo was equally effective as GWxNio showing the 
capacity of wastewater in the availability of nutrients specially the nitrogen which 
is an important nutrient for chlorophyll. 
4.2.2.2. Leaf NR activity 
It was positively affected by wastewater application and more in higher 
concentration (Table 33). The increase with 100%WW was 13.53%, 13.27%, 
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Table 31. Effect of GW, 50%WW and 100%WW on leaf area (cm^ plant') of 
Spinecea oleracea cv. Kaveri with four levels of nitrogen. 
Vegetative stage 
1 reaimenis 
No 
N20 
N40 
N60 
GW 
208.46 
270.40 
317.67 
241.16 
50% WW 
229.84 
289.66 
339.12 
268.73 
100% WW 
256.84 
308.53 
366.43 
299.74 
Mean 
231.71 
289.53 
341.07 
269.88 
Mean 259.42 281.84 307.89 
Flowering stage 
GW 50%WW 100% WW Mean 
No 
N20 
N40 
N60 
699.72 
789.16 
887.77 
736.42 
722.18 
803.55 
904.10 
746.64 
752.36 
817.92 
932.24 
785.73 
724.75 
803.54 
908.04 
756.26 
Mean 778.27 794.12 822.06 
Fruiting stage 
GW 50%WW 100% WW Mean 
No 
N20 
N40 
N60 
834.48 
938.17 
1184.47 
870.21 
881.85 
965.72 
1217.76 
896.98 
920.56 
988.29 
1282.28 
928.55 
878.96 
964.06 
1228.17 
898.58 
Mean 
Water 
Nitrogen 
Interaction 
956.83 
Vegetative stage 
2.767 
2.397 
4.793 
990.58 1029.92 
CD at 5% 
Flowering stage 
2.432 
2.106 
4.213 
Fruiting stage 
2.561 
2.218 
4.436 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha"'. A uniform dose of P 
and K was also applied basally. 
Table 32. Effect of GW, 50%WW and 100%WW on total chlorophyll content (mg 
g"' fresh weight) of Spinecea oleracea cv. Kaveri with four levels of 
nitrogen. 
Treatments 
No 
N20 
N40 
N60 
Mean 
No 
N20 
N40 
N60 
Mean 
No 
N20 
N40 
N60 
Mean 
Water 
Nitrogen 
Interaction 
GW 
1.822 
1.976 
2.326 
1.902 
2.007 
GW 
1.608 
1.816 
2.040 
1.732 
1.799 
GW 
1.255 
1.515 
1.742 
1.400 
1.478 
Vegetative stage 
0.021 
0.018 
0.036 
Vegetative 
50% WW 
1.884 
2.089 
2.425 
2.024 
2.106 
stage 
100% WW 
1.955 
2.233 
2.537 
2.147 
2.218 
Flowering stage 
50% WW 
1.711 
1.889 
2.169 
1.820 
1.897 
100% WW 
1.788 
1.985 
2.312 
1.936 
2.005 
Fruiting stage 
50%WW 
1.346 
1.602 
1.852 
1.491 
1.573 
CD at 5% 
100%WW 
1.459 
1.696 
1.987 
1.587 
1.682-
Flowering stage 
0.019 
0.016 
0.033 
Mean 
1.887 
2.099 
2.429 
2.024 
Mean 
1.702 
1.897 
2.174 
1.829 
Mean 
1.353 
1.604 
1.860 
1.493 
Fruiting stage 
0.022 
0.019 
NS 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha . A uniform dose of P 
and K was also applied basally. NS = Non significant. 
Table 33. Effect of GW, 50%WW and 100%WW on leaf NR activity (^ i mol g"' leaf 
fresh weight h'') of Spinecea oleracea cv. Kaveri with four levels of 
nitrogen. 
Treatments 
No 
N20 
N40 
N60 
Mean 
No 
N20 
N40 
N60 
Mean 
No 
N20 
N40 
N60 
Mean 
Water 
Nitrogen 
Interaction 
GW 
404.67 
468.32 
497.45 
425.28 
448.93 
GW 
341.56 
395.90 
411.46 
361.84 
377.69 
GW 
265.68 
318.64 
329.78 
287.50 
300.40 
*r 
Vegetative stage 
5.231 
3.020 
7.398 
Vegetative stage 
50% WW 
419.23 
504.30 
530.18 
434.42 
472.03 
100% WW 
457.95 
552.32 
575.45 
452.94 
509.67 
Flowering stage 
50% WW 
356.62 
435.00 
450.25 
378.41 
405.07 
100% WW 
379.06 
464.82 
477.16 
390.21 
427.81 
Fruiting stage 
50% WW 
272.66 
333.85 
345.57 
302.26 
313.59 
CD at 5% 
100% WW 
298.75 
351.13 
369.05 
310.95 
332.47 
Flowering stage 
3.779 
2.182 
5.344 
Mean 
427.28 
508.31 
534.36 
437.55 
Mean 
359.08 
431.91 
446.29 
376.82 
Mean 
279.03 
334.54 
348.13 
300.24 
Fruiting stage 
3.537 
3.063 
6.125 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha". A uniform dose of P 
and K was also applied basally. 
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10.67% over GW at the three samplings respectively. Leaf NR activity like 
chlorophyll content also decreased with the increase in plant age. Fertilizer effect 
remained by and large the same as in other parameters where N40 proved optimum, 
the lower fertilizer dose N20 was deficient while the higher fertilizer dose Neo was 
toxic. The increase in NR activity with optimum fertilizer over control was 
25.06%, 24.29%, 24.77%. Among interactions, 50%WWxN2o was at par with 
GWXN40 and 50%WWxN4o at vegetative and fruiting stage while at flowering 
50%WW was at par with GWxNeo. 
4.2.2.3 CA activity 
Increase in carbonic anhydrase activity was also observed with wastewater 
irrigation (Table 34). The three water treatments were critically different. The 
increase with 100%WW was 10.65%, 11.38% and 19.77% over GW. CA activity 
also decreased with the increase in age of plants. Response of fertilizer was almost 
on the same pattern of other parameters. Here again N40 proved optimum, while 
expectedly No showed the lowest value. Among interactions, 100%WWxNo was at 
par with GWxNeo at vegetative and flowering stages while at fruiting 
50%WWxN2o and GWXN40 showed similar effect. 
4.2.2.4 Leaf NPK contents 
4.2.2.4.1 Nitrogen 
Increase in N content with wastewater irrigation was observed at 
vegetative, flowering and fruiting stages (Table 35). All the water treatments were 
statistically different and the increase by 100%WW was 8.06%, 8.04% and 8.20% 
over GW. The N content decreased with the increase in growth of plants. The 
pattern of fertilizer effect remained the same at all the three sampling stages, with 
N40 being optimum, N20 deficient while Neo toxic. N content were increased up to 
24.15%, 26.19% and 26.78% by N40 over No at the three stages. 
4.2.2.4.2 Phosphorus 
It was also significantly affected by wastewater (Table 36). 100%WW, 
50%WW and GW were statistically different thus 100%WW gave an increase of 
4.28%, 9.16%) and 11.76%) over GW. Nitrogen fertilization also significantly 
affected the phosphorus content with N40 proving optimum, while N20 was 
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Table 34. Effect of GW, 50%WW and 100%WW on carbonic anhydrase activity 
[mol (CO2) kg"' (leaf fresh mass) s"'] of Spinecea oleracea cv. Kaveri with 
four levels of nitrogen. 
Vegetative stage 
lICctUliClllKI 
No 
N20 
N40 
N60 
GW 
3.02 
3.39 
3.89 
3.22 
50% WW 
3.14 
3.56 
4.04 
3.37 
100% WW 
3.27 
3.81 
4.26 
3.63 
Mean 
3.14 
3.59 
4.06 
3.41 
Mean 3.38 3.53 3.74 
Flowering stage 
GW 50%WW 100% WW Mean 
No 
N20 
N40 
N60 
2.44 
3.09 
3.24 
2.83 
2.61 
3.32 
3.43 
2.93 
2.87 
3.45 
3.60 
3.01 
2.64 
3.29 
3.42 
2.92 
Mean 2.90 3.07 3.23 
Fruiting stage 
GW 50% WW 100%WW Mean 
No 
N20 
N40 
N60 
1.58 
1.84 
1.96 
1.71 
1.67 
1.94 
2.09 
1.79 
1.89 
2.19 
2.39 
2.01 
1.71 
1.99 
2.15 
1.84 
Mean 
Water 
Nitrogen 
Interaction 
1.77 
Vegetative stage 
0.034 
0.030 
0.059 
1.87 2.12 
CD at 5% 
Flowering stage 
0.031 
0.027 
0.053 
Fruiting stage 
0.022 
0.019 
0.038 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha' . A uniform dose of P 
and K was also applied basally. 
Table 35. Effect of GW, 50%WW and 100%WW on nitrogen content (%) of 
Spinecea oleracea cv. Kaveri with four levels of nitrogen. 
Treatments 
No 
N20 
N40 
N60 
Mean 
No 
N20 
N40 
N60 
Mean 
No 
N20 
N40 
N60 
Mean 
Water 
Nitrogen 
Interaction 
GW 
2.28 
2.52 
2.81 
2.32 
2.48 
GW 
2.02 
2.26 
2.56 
2.13 
2.24 
GW 
1.75 
2.00 
2.25 
1.80 
1.95 
Vegetative stage 
0.021 
0.018 
NS 
Vegetative stage 
50%WW 
2.36 
2.59 
2.92 
2.41 
2.57 
Flowering 
50% WW 
2.08 
2.34 
2.63 
2.21 
2.32 
100% WW 
2.45 
2.70 
3.06 
2.52 
2.68 
stage 
100% WW 
2.19 
2.45 
2.75 
2.30 
2.42 
Fruiting stage 
50% WW 
1.82 
2.08 
2.31 
1.88 
2.02 
CD at 5% 
100% WW 
1.91 
2.16 
2.40 
1.97 
2.11 
Flowering stage 
0.019 
0.016 
NS 
Mean 
2.36 
2.60 
2.93 
2.42 
Mean 
2.10 
2.35 
2.65 
2.21 
Mean 
1.83 
2.08 
2.32 
1.88 
Fruiting stage 
0.021 
0.018 
NS 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha' . A uniform dose of P 
and K was also applied basally. NS = Non significant. 
Table 36. Effect of GW, 50%WW and 100%WW on phosphorus content (%) of 
Spinecea oleracea cv. Kaveri with four levels of nitrogen. 
Treatments 
No 
N20 
N40 
N60 
Mean 
No 
N20 
N40 
N60 
Mean 
No 
N20 
N40 
N60 
Mean 
Water 
Nitrogen 
Interaction 
GW 
0.412 
0.452 
0.475 
0.438 
0.444 
GW 
0.254 
0.281 
0.289 
0.266 
0.273 
GW 
0.170 
0.193 
0.200 
0.184 
0.187 
Vegetative stage 
0.0020 
0.0018 
NS 
Vegetative stage 
50% WW 
0.420 
0.460 
0.483 
0.449 
0.453 
100% WW 
0.431 
0.469 
0.495 
0.457 
0.463 
Flowering stage 
50%WW 
0.264 
0.295 
0.304 
0.279 
0.286 
100% WW 
0.270 
0.309 
0.322 
0.292 
0.298 
Fruiting stage 
50% WW 
0.179 
0.202 
0.211 
0.190 
0.196 
CD at 5% 
100% WW 
0.189 
0.215 
0.223 
0.208 
0.209 
Flowering stage 
0.0025 
0.0021 
0.0043 
Mean 
0.421 
0.460 
0.484 
0.448 
Mean 
0.263 
0.295 
0.305 
0.279 
Mean 
0.179 
0.203 
0.211 
0.194 
Fruiting stage 
0.0027 
0.0023 
NS 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha" . A uniform dose of P 
and K was also applied basally. NS = Non significant. 
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deficient and Neo excessive. The trend was similar to nitrogen as it also decreased 
with the increase in age of the plants. The combination of 100%WWxN4o gave an 
increase of 26.77% followed by 100%WWxN2o giving 21.65% over GWXNQ at 
flowering stage, similar to some other parameters. 
4.2.2.4.3 Potassium 
All the water treatments were critically different (Table 37). 100% 
wastewater proved best as it gave an increase of 5.60%, 6.92% and 11.40%) over 
GW. The K content also decreased with increase in growth. The effect of fertilizer 
was same as noted in nitrogen and phosphorus content where N40 proved optimum. 
Again N20 was deficient dose and Neo proved deleterious. The interaction, 
100%WWxN4o was best at all the three stages of sampling giving an increase of 
21.35%, 23.62% and 37.86% over GWXNQ. 100%WWXNO was at par with 
GWxNeo at vegetative and fruiting stage, while at flowering GWXN20 was at par 
with 50%WWxN6o and the latter was also equal to 100%WWxNo. It may be 
pointed out that out of three nutrients K was the maximum followed by nitrogen 
and phosphorus in that order. 
4.2.3 Yield parameters 
These parameters were studied at harvest included branch number plant'', 
seed number plant'', 1000 seed weight, seed yield plant"' and biological yield"' 
(Tables 38 and 39). The significant data are described briefly below: 
4.2.3.1 Branch number plant"' 
Wastewater increased the number of branches by 22.35% over GW 
irrigation (Table 38a). Both concentrations of wastewater were statistically 
different. N40 proved the optimum fertilizer dose as it increased 56.36% branch 
number over NQ. Like most of the parameters N60 proved toxic and N20 was 
deficient. All the interactions were critically different and 100%WWxN4o proved 
best. 
4.2.3.2 Seed number plant"' 
It was also enhanced by wastewater treatment as 100%WW increased it by 
10.03% over GW (Table 38b). Among fertilizer doses, like other parameters N40 
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Table 37. Effect of GW, 50%WW and 100%WW on potassium content (%) of 
Spinecea oleracea cv. Kaveri with fovir levels of nitrogen. 
Treatments 
No 
N20 
N40 
N60 
Mean 
No 
N20 
N40 
N60 
Mean 
No 
N20 
N40 
N60 
Mean 
Water 
Nitrogen 
Interaction 
GW 
3.70 
3.94 
4.25 
3.83 
3.93 
GW 
3.26 
3.52 
3.71 
3.40 
3.47 
GW 
2.06 
2.37 
2.46 
2.23 
2.28 
Vegetative stage 
0.024 
0.021 
0.042 
Vegetative 
50% WW 
3.79 
4.08 
4.33 
3.95 
4.04 
Flowering 
50%WW 
3.34 
3.61 
3.86 
3.49 
3.58 
stage 
100% WW 
3.87 
4.16 
4.49 
4.08 
4.15 
stage 
100% WW 
3.45 
3.74 
4.03 
3.61 
3.71 
Fruiting stage 
50% WW 
2.13 
2.48 
2.66 
2.31 
2.40 
CD at 5% 
100%WW 
2.29 
2.59 
2.84 
2.43 
2.54 
Flowering stage 
0.024 
0.021 
0.042 
Mean 
3.79 
4.06 
4.36 
3.95 
Mean 
3.35 
3.62 
3.87 
3.50 
Mean 
2.16 
2.48 
2.65 
2.32 
Fruiting stage 
0.030 
0.026 
0.052 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha' . A uniform dose of P 
and K was also applied basally. 
Table 38. Effect of GW, 50%WW and 100%WW on (a) branch number planf', (b) 
seed number plant"' and (c) 1000 seed weight (g) of Spinecea oleracea cv. 
Kaveri with four levels of nitrogen. 
Branch number plant" 
1 rcaiiiicms 
a) No 
N20 
N40 
Neo 
GW 
642 
8.39 
9.96 
7.27 
50% WW 
6.88 
8.99 
10.75 
7.89 
100% WW 
8.14 
9.64 
12.82 
8.59 
Mean 
7.15 
9.01 
11.18 
7.92 
Mean 8.01 8.63 9.80 
Seed number plant"' 
GW 50% WW 100% WW Mean 
No 
N20 
N40 
N60 
502.54 
578.48 
655.42 
516.25 
533.18 
604.21 
689.74 
551.66 
566.37 
621.82 
718.10 
572.22 
534.03 
601.50 
687.75 
546.71 
Mean 563.17 594.70 619.63 
1000 seed weight 
GW 50% WW 100% WW Mean 
(c) No 
N20 
N40 
N60 
9.194 
9.369 
9.956 
9.156 
9.184 
9.451 
10.086 
9.250 
9.298 
9.842 
10.118 
9.312 
9.225 
9.554 
10.053 
9.239 
Mean 
Water 
Nitrogen 
Interaction 
9.419 
Branch number 
plant"' 
0.056 
0.049 
0.098 
9.493 9.643 
CD at 5% 
Seed number plant"' 
2.920 
2.528 
5.057 
1000 seed weight 
0.034 
0.029 
0.058 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha". A uniform dose of P 
and K was also applied basally. 
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was the best as N20 proved to be deficient and Neo toxic and No recording the 
lowest value. The optimum treatment gave an increase of 28.78% over control. 
Interactions were critically different in their values and 100%WWxN4o recorded 
42.89% more seeds than GWXNQ. It may also be noted that 100% wastewater 
along with 20 kg N ha"' was better than GWxNeo- Similarly even 100%WWxNo 
was superior over GWxNeo-
4.2.3.3 1000 seed weight 
An increase of 2.38% was recorded by 100%WW application over GW 
(Table 38c). All the water treatments were critically different. The nitrogen dose, 
N40 proved optimum, Neo toxic while N20 deficient. The increase in seed weight by 
N40 was 8.98% over No which was significant in enhancing the seed yield at 
maturity. The combination 100%WWxN4o gave the optimum value and it was also 
at par with 50%)WWxN4o. It may also be noted that a minor decrease of 0.41% was 
observed under GWxNeo when compared to GWxNo showing the toxic effect of 
this nitrogen dose given with GW. 
4.2.3.4 Seed yield plant' 
Both the concentrations of WW resulted an increase in seed yield as 
compared to GW (Table 39a). 100%WW gave an increase of 5.93% over GW 
which is very positive indicator of its use as local farmers are applying this water 
directly from the wastewater drain. The other treatments differed critically. 
Among the fertilizer doses, N40 showed an increase of 21.17% over No, thus 
proving optimum in enhancing the seed yield. The treatment N20 was deficient 
while Neo proved excessive. Regarding interaction effect between wastewater and 
nitrogen, 100%WWxN4o proved optimum which gave an increase of 29.10% over 
GWxNo. Almost all the combinations were statistically different. It is to be noted 
that 60 kg N ha'' was excessive when given with 100%WW, 50%WW and even 
with groundwater as the two other doses of nitrogen recorded higher seed yield 
under the three water treatments. 
4.2.3.5 Biological yield plant'' 
Wastewater irrigation also increased the plant biomass significantly (Table 
39b). 100%WW gave an increase of 3.98% over GW. All the water treatments 
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Table 39. Effect of GW, 50% WW and 100%WW on (a) seed yield planf' (g) and (b) 
biological yield plant"' (g) of Spinecea oleracea cv. Kaveri with four levels 
of nitrogen. 
(a) 
(b) 
Treatments 
No 
N20 
N40 
N60 
Mean 
No 
N20 
N40 
N60 
Mean 
Water 
Nitrogen 
Interaction 
GW 
4.698 
4.922 
5.548 
4.736 
4.976 
GW 
14.01 
14.45 
15.77 
14.06 
14.57 
Seed 
50% WW 
4.771 
5.083 
5.782 
4.889 
5.131 
yield plant"' 
100% WW 
4.887 
5.219 
6.065 
4.912 
5.271 
Biological yield plant"' 
50% WW 
14.12 
14.74 
16.21 
14.41 
14.87 
CD at 5% 
Seed yield plant'' 
0.017 
0.015 
0.030 
100%WW 
14.38 
15.01 
16.75 
14.47 
15.15 
Mean 
4.785 
5.075 
5.798 
4.846 
Mean 
14.17 
14.73 
16.24 
14.31 
Biological yield plant"' 
0.090 
0.078 
0.156 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha" . A uniform dose of P 
and K was also applied basally. 
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were critically different. The pattern of fertilizer treatment was similar to that of 
seed yield where N40 being optimum N20 deficient while Neo was deleterious. N40 
registered an increase of 14.61% over No. The combinations of 50%WWxNo and 
GWxNeo were equally effective. Likewise 50%WWxN6o was at par with 
100%WWxNo. 
4.3 Experiment III (Fenugreek) 
In this experiment also the same two level of wastewater and GW as 
control were tested with four levels of P including control supplemented with 
uniform basal dose of N (10 kg ha"') and K (40 kg ha"'). Here also growth and 
physiological parameters were recorded at three stages and yield attributes at 
harvest (Tables 40 to 56). Only the significant data are described briefly below: 
4.3.1 Growth parameters 
Plant height, root fresh weight, root dry weight, nodule number, shoot fresh 
weight, shoot dry weight, leaf number, flower number and pod number were 
observed (Tables 40 to 47). 
4.3.1.1 Plant height 
100% wastewater significantly enhanced the plant height up to 35.61%, 
17.28% and 11.49% at three stages respectively (Table 40). 50%WW also 
increased it in comparison to GW. Plant height increased consistently with the 
increase in plant age. Fertilizer treatment, P40 proved optimum as it was at par 
with the higher dose P60 at flowering and fruiting and at vegetative stage, Pgo 
proved best while P20 was deficient. The interaction, 100%WWxP4o proved best as 
it was at par with 100%WWxP6o at vegetative and flowering stage. 
4.3.1.2 Root fresh weight 
Wastewater irrigation improved it significantly (Table 41). 100%WW 
recorded an increase of 28.37%, 18.93%) and 21.32% over GW. Fresh weight 
increased with the growth of plant. P20 proved deficient at all three stages of 
sampling. P40 was the optimum at vegetative and flowering and gave an increase 
of 51.14%) and 66.13%) over Po while at fruiting P60 was better. Among 
interactions, at all the three stages, 100%WWxP6o was at par with 100%oWWxP4o 
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Table 40. Effect of GW, 50%WW and 100%WW on plant height (cm) of Trigonella 
foenum-graecum cv. Desi with four levels of phosphorus. 
Treatments 
Po 
P20 
P40 
P60 
Mean 
Po 
P20 
P40 
P60 
Mean 
Po 
P20 
P40 
P60 
Mean 
Water 
Phosphorus 
Interaction 
GW 
15.94 
21.46 
25.16 
26.26 
22.21 
GW 
28.14 
42.71 
48.12 
48.42 
41.85 
GW 
40.86 
66.18 
73.00 
73.45 
63.37 
Vegetative stage 
0.313 
0.271 
0.542 
Vegetative stage 
50% WW 
19.42 
25.14 
28.67 
29.18 
25.60 
100% WW 
20.68 
31.25 
34.16 
34.39 
30.12 
Flowering stage 
50% WW 
30.85 
48.56 
52.43 
52.71 
46.14 
100% WW 
32.67 
50.17 
56.54 
56.93 
49.08 
Fruiting stage 
50% WW 
46.00 
69.56 
75.54 
76.35 
66.86 
CD at 5% 
100% WW 
50.15 
71.85 
79.61 
81.00 
70.65 
Flowering stage 
0.375 
0.325 
0.650 
Mean 
18.68 
25.95 
29.33 
29.94 
Mean 
30.55 
47.15 
52.36 
52.69 
Mean 
45.67 
69.20 
76.05 
76.93 
Fruiting stage 
1.196 
1.035 
NS 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha' . A uniform dose of N 
and K was also applied basally. NS = Non significant. 
Table 41. Effect of GW, 50%WW and 100%WW on root fresh weight plant"' (g) of 
Trigone I la foenum-graecum cv. Desi with four levels of phosphorus. 
Treatments 
Po 
P20 
P40 
Peo 
Mean 
Po 
P20 
P40 
P60 
Mean 
Po 
P20 
P40 
P60 
Mean 
Water 
Phosphorus 
Interaction 
GW 
0.408 
0.611 
0.643 
0.648 
0.578 
GW 
0.647 
0.989 
1.018 
1.022 
0.919 
GW 
0.735 
1.079 
1.175 
1.194 
1.046 
Vegetative stage 
0.005 
0.005 
0.009 
Vegetative 
50% WW 
0.449 
0.714 
0.736 
0.739 
0.660 
Flowering 
50%WW 
0.686 
1.094 
1.176 
1.180 
1.034 
stage 
100% WW 
0.587 
0.776 
0.802 
0.804 
0.742 
stage 
100% WW 
0.721 
1.198 
1.220 
1.231 
1.093 
Fruiting stage 
50%WW 
0.808 
1.135 
1.226 
1.232 
1.100 
CD at 5% 
100% WW 
0.905 
1.307 
1.426 
1.438 
1.269 
Flowering stage 
0.008 
0.007 
0.014 
Mean 
0.481 
0.700 
0.727 
0.730 
Mean 
0.685 
1.094 
1.138 
1.144 
Mean 
0.816 
1.174 
1.276 
1.288 
Fruiting stage 
0.009 
0.008 
0.015 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha V A uniform dose of N 
and K was also applied basally. 
-I \ / '"\ Experimental Results 
and 50%WWxP6o was at par with 50%XWxP4o wbileLJGWx^/o and GWXP40 also 
showed equal effect at vegetative and flowertftg-stages;''Thus the combination 
100%WWxP4o proved to be the best. 
4.3.1.3 Root dry weight plant* 
It also enhanced due to wastewater irrigation (Table 42) and 100%WW 
gave an increase over GW irrigation up to 29.08%, 20.00% and 20.87% 
respectively. The effect of fertilizer was significant and the dose P40 proved 
optimum as it was at par with Peo- The optimum dose increased 52.99%, 72.22% 
and 58.29% root dry weight when compared with No. Like fresh weight, dry 
weight also increased at all the three stages of sampling. The interactive effect of 
wastewater and fertilizer was significant at flowering and fruiting. 
4.3.1.4 Nodule number plant'' 
Nodule production was also enhanced by wastewater irrigation (Table 43) 
at all the three stages of growth. The increase recorded with 100%)WW was 
56.96%, 42.38%, and 58.83% over GW. Nodule formation increased up to 
flowering stage. P40 was at par with Pgo at vegetative, flowering and fruiting stages 
thus proved optimum. The increase recorded was 76.48%, 85.29% and 92.96%) 
over PQ. The lower dose of phosphorus (P20) proved deficient. Among interactions, 
100%WWxP6o was at par with 100%WWxP4o at vegetative stage, while 
50%WWxP6o and 50%WWxP4o were also at par. It may also be noted that 
IOO%WWxPo enhanced nodulation by 58.85%, when compared with GWxPo again 
showing the beneficial effect of wastewater. 
4.3.1.5 Shoot fresh weight plant' 
Irrigation with 100%)WW as well as 50%WW increased the fresh weight 
over GW (Table 44). The increase recorded with the former treatment was 
28.77%, 13.94% and 24.79% over GW and with 50%WW it was 14.89%, 6.39% 
and 10.65% at the three samplings. Fresh weight increased from vegetative to 
fruiting stage. The phosphorus dose, P40 proved best as it was at par with Peo 
showing its luxury consumption and P40 gave an increase of 85.62%, 70.88% and 
58.10% over Po while P20 was deficient. 100%)WxP4o was at par with 
100%WWxP6o and 50%WWxP4o was at par with 50%WWxP6o at all the three 
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Table 42. Effect of GW, 50%WW and 100%WW on root dry weight plant'' (g) of 
Trigonella foenum-graecum cv. Desi with four levels of phosphorus. 
Treatments 
Po 
P20 
P40 
P60 
Mean 
Po 
P20 
P40 
Peo 
Mean 
Po 
P20 
P40 
P60 
Mean 
Water 
Phosphorus 
Interaction 
GW 
0.094 
0.146 
0.161 
0.164 
0.141 
GW 
0.149 
0.211 
0.248 
0.252 
0.215 
GW 
0.180 
0.257 
0.289 
0.291 
0.254 
Vegetative stage 
0.007 
0.006 
NS 
Vegetative 
50% WW 
0.109 
0.167 
0.180 
0.184 
0.160 
stage 
100% WW 
0.147 
0.180 
0.197 
0.205 
0.182 
Flowering stage 
50% WW 
0.163 
0.233 
0.294 
0.299 
0.247 
100% WW 
0.175 
0.260 
0.295 
0.302 
0.258 
Fruiting stage 
50%WW 
0.198 
0.285 
0.306 
0.309 
0.275 
CD at 5% 
100%WW 
0.220 
0.301 
0.351 
0.355 
0.307 
Flowering stage 
0.007 
0.006 
0.012 
Mean 
0.117 
0.164 
0.179 
0.184 
Mean 
0.162 
0.235 
0.279 
0.284 
Mean 
0.199 
0.281 
0.315 
0.318 
Fruiting stage 
0.006 
0.005 
0.010 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha . A uniform dose of N 
and K was also applied basally. NS = Non significant. 
Table 43. Effect of GW, 50%WW and 100%WW on nodules number plant'' of 
Trigonellafoenum-graecum cv. Desi with four levels of phosphorus. 
Treatments 
Po 
P20 
P40 
P60 
Mean 
Po 
P20 
P40 
P60 
Mean 
Po 
P20 
P40 
P60 
Mean 
Water 
Phosphorus 
Interaction 
GW 
5.03 
7.48 
8.97 
8.99 
7.62 
GW 
11.07 
17.95 
22.10 
22.11 
18.31 
GW 
4.29 
6.85 
7.78 
7.81 
6.68 
Vegetative stage 
0.038 
0.033 
0.067 
Vegetative stage 
50%WW 
6.25 
9.48 
11.09 
11.16 
9.50 
100% WW 
7.99 
11.96 
13.92 
13.95 
11.96 
Flowering stage 
50%WW 
14.14 
21.54 
25.92 
25.94 
21.89 
100% WW 
16.99 
26.88 
30.18 
30.21 
26.07 
Fruiting stage 
50% WW 
5.12 
8.71 
10.15 
10.19 
8.54 
CD at 5% 
100% WW 
6.36 
11.02 
12.52 
12.55 
10.61 
Flowering stage 
1.784 
1.545 
NS 
Mean 
6.42 
9.64 
11.33 
11.37 
Mean 
14.07 
22.12 
26.07 
26.09 
Mean 
5.26 
8.86 
10.15 
10.18 
Fruiting stage 
1.110 
0.961 
NS 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha" . A uniform dose of N 
and K was also applied basally. NS = Non significant. 
Table 44. Effect of GW, 50%WW and 100%WW on shoot fresh weight plant'' (g) of 
Trigonella foenumrgraecum cv. Desi with four levels of phosphorus. 
Treatments 
GW 
Vegetative stage 
50% WW 100% WW Mean 
Po 
P20 
P40 
P60 
6.19 
9.55 
11.86 
11.87 
7.24 
10.69 
13.68 
13.73 
8.48 
12.08 
15.12 
15.14 
7.30 
10.77 
13.55 
13.58 
Mean 9.87 11.34 12.71 
Flowering stage 
GW 50% WW 100% WW Mean 
Po 
P20 
P40 
P60 
10.25 
15.29 
18.21 
18.25 
11.19 
16.63 
19.05 
19.10 
12.25 
17.75 
20.30 
20.32 
11.23 
16.56 
19.19 
19.22 
Mean 15.50 16.49 17.66 
Fruiting stage 
GW 50% WW 100% WW Mean 
Po 
P20 
P40 
P60 
14.15 
21.18 
23.05 
23.09 
15.98 
23.75 
25.19 
25.23 
18.55 
25.59 
28.75 
28.77 
16.23 
23.51 
25.66 
25.70 
Mean 
Water 
Phosphorus 
Interaction 
20.37 
Vegetative stage 
0.106 
0.092 
0.183 
22.54 25.42 
CD at 5% 
Flowering stage 
0.090 
0.078 
0.156 
Fruiting stage 
0.057 
0.049 
0.098 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha'. A uniform dose of N 
and K was also applied basally. 
Experimental Results 
stages of sampling. At vegetative stage 100%WWxPo gave 37.00%, at flowering 
19.51% and at fruiting stage 31.10% more shoot fresh weight over GWXPQ. 
4.3.1.6 Shoot dry weight plant'* 
Like fresh weight, shoot dry weight also showed the similar effect (Table 
45). All water treatments were critically different. It increased with higher 
wastewater concentration as it registered an increase of 33.48%, 16.19% and 
16.27% over GW. It also showed the same pattern of growth as it increased with 
the increase in plant age. Fertilizer dose, P40 proved best as it was at par with Peo-
The interaction between 100%WWxP6o and 100%WW XP40 showed similar effect 
at all the three stages of sampling while at vegetative stage GWXP20 was at par 
with 100%WWxPo. 
4.3.1.7 Leaf number plant"* 
It was increased with higher wastewater concentration (Table 46). At all 
the three stages, 100%WW proved best and registered an increase of 22.11%, 
16.25% and 16.69% over GW. Leaf number increased with the increase of plant 
age and increase was more between vegetative to flowering stage. P40 proved 
optimum for enhancing leaf number at vegetative and flowering stage while at 
fruiting Pso was optimum. At earlier two stages P40 and at the last stage Peo gave 
an increase of 66.71%, 51.30% and 51.05% over PQ. Interactions between 
wastewater and fertilizer were at par between 100%WWxP6o, 100%)WWxP4o; and 
later combination, 50%WWxP6o. 100%WWxPo was also at par with GWXP20 at 
flowering showing the utility of wastewater. At fruiting stage, various 
combinations showed similarity like 100%WWxP6o and 100%)WWxP4o; 
50%WWxP6o and 50%WWxP4o; GWxPeo and GWXP40; 100%WWxP2o and 
50%WWxP2o; 50%WWxP2o and GWxp2o; 50%WWxPo and 100%WWxPo. As 
observed at flowering, GWXP20 was equally effective as 100%WWxPo. 
4.3.1.8 Flower number plant'' 
Flower formation increased with wastewater (Table 47a). 100%)WW 
showed an increase of 7.79% and 36.02% over GW at flowering and fruiting 
stages. All water treatments performed differently. Similarly the fertilizer dose, P40 
proved optimum and gave 31.69% and 38.04% more flower number over PQ. Peo 
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Table 45. Effect of GW, 50%WW and 100%WW on shoot dry weight plant'' (g) of 
Trigonellafoenum-graecum cv. Desi with four levels of phosphorus. 
Treatments 
Po 
P20 
P40 
Peo 
Mean 
Po 
P20 
P40 
Peo 
Mean 
Po 
P20 
P40 . 
Peo 
Mean 
Water 
Phosphorus 
Interaction 
GW 
1.58 
2.18 
2.75 
2.79 
2.33 
GW 
2.94 
3.56 
4.39 
4.42 
3.83 
GW 
3.82 
4.36 
5.25 
5.26 
4.67 
Vegetative stage 
0.054 
0.047 
0.093 
Vegetative 
50%WW 
1.83 
2.97 
3.20 
3.26 
2.81 
stage 
100% WW 
2.17 
3.10 
3.57 
3.59 
3.11 
Flowering stage 
50%WW 
3.24 
4.02 
4.54 
4.51 
4.08 
100% WW 
3.37 
4.53 
4.91 
4.97 
4.45 
Fruiting stage 
50% WW 
4.15 
4.74 
5.69 
5.71 
5.07 
CD at 5% 
100% WW 
4.60 
5.24 
5.92 
5.94 
5.43 
Flowering stage 
0.066 
0.057 
0.115 
Mean 
1.86 
2.75 
3.17 
3.21 
Mean 
3.18 
4.04 
4.61 
4.63 
Mean 
4.19 
4.78 
5.62 
5.64 
Fruiting stage 
0.043 
0.037 
0.074 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha . A uniform dose of N 
and K was also applied basally. 
Table 46. Effect of GW, 50%WW and 100%WW on leaf number planf' of 
Trigonella foenum-graecum cv. Desi with four levels of phosphorus. 
Treatments 
Po 
P20 
P40 
P60 
Mean 
Po 
P20 
P40 
P60 
Mean 
Po 
P20 
P40 
P60 
Mean 
Water 
Phosphorus 
Interaction 
GW 
36.42 
41.74 
60.28 
62.96 
50.35 
GW 
95.62 
104.75 
136.45 
137.60 
118.61 
GW 
111.25 
123.67 
154.29 
159.48 
137.17 
Vegetative stage 
3.570 
3.092 
NS 
Vegetative 
50%WW 
40.36 
44.63 
69.53 
74.75 
57.32 
stage 
100% WW 
46.30 
47.57 
75.38 
76.65 
61.48 
Flowering stage 
50% WW 
98.15 
117.45 
151.22 
154.65 
130.37 
100% WW 
102.29 
124.65 
160.28 
164.34 
137.89 
Fruiting stage 
50% WW 
115.56 
130.27 
170.10 
173.67 
147.40 
CD at 5% 
100% WW 
121.37 
136.45 
189.65 
192.78 
160.06 
Flowering stage 
4.310 
3.732 
7.465 
Mean 
41.03 
44.65 
68.40 
71.45 
Mean 
98.69 
115.62 
149.32 
152.20 
Mean 
116.06 
130.13 
171.35 
175.31 
Fruiting stage 
4.297 
3.721 
7.442 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha' . A uniform dose of N 
and K was also applied basally. NS = Non significant. 
Table 47. Effect of GW, 50%WW and 100%WW on (a) flower number plant"' and 
(b) pod number plant' 
levels of phosphorus. 
of Trigonella foenum-graecum cv. Desi with four 
Treatments 
GW 
Flower number plant" 
Flowering stage 
50%WW 100%WW Mean 
(a) Po 
P20 
P40 
P60 
27.52 
31.62 
35.84 
35.90 
28.19 
33.70 
37.15 
37.17 
28.92 
35.21 
38.45 
38.51 
28.21 
33.51 
37.15 
37.19 
Mean 32.72 34.05 35.27 
Fruiting stage 
Po 
P20 
P40 
P60 
Po 
P20 
P40 
Peo 
5.21 
8.50 
8.45 
8.18 
7.59 
10.51 
10.52 
9.35 
8.91 
10.97 
10.99 
10.37 
7.23 
9.99 
9.98 
9.30 
Mean 
(b) Po 
P20 
P40 
Peo 
Mean 
7.58 
4.26 
4.69 
5.48 
5.50 
4.98 
9.49 
Pod number 
10.31 
plant"' 
Flowering stage 
4.68 
5.01 
6.02 
6.03 
5.43 
5.16 
5.76 
6.42 
6.45 
5.95 
Fruiting stage 
4.70 
5.15 
5.97 
5.99 
26.29 
29.94 
33.33 
33.39 
26.76 
30.68 
35.17 
35.25 
27.30 
31.83 
37.64 
37.72 
26.78 
30.82 
35.38 
35.45 
Mean 
Water 
Phosphorus 
Interaction 
30.74 31.97 33.62 
CD at 5% 
Flower niraiber plant"' 
Flowering Fruiting 
0.033 0.391 
0.029 0.339 
0.058 0.677 
Pod number plant"' 
Flowering Fruiting 
0.026 0.195 
0.022 0.169 
0.045 0.337 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha'. A uniform dose of N 
and K was also applied basally. 
Experimental Results 
was at par with the optimum dose and showed luxury consumption at flowering 
stage while at fruiting stage the optimum dose was at par with P2o. Among 
interactions 100%WWxP4o proved best. 
4.3.1.9 Pod number plant'* 
It was also significantly affected by wastewater (Table 47b). 100%WW 
gave an increase of 19.48% and 9.37% over GW at flowering and fruiting stages 
respectively. The three water treatments were different in effect. Pod formation 
also significantly affected by phosphorus fertilizer with P40 proving the optimum 
being at par with Peo at the two growth stages. P40 gave an increase of 27.02% and 
32.11% over PQ. Significant interaction was observed where 100%WWxP4o proved 
best as it was at par with 100%WWxP6o. 
4.3.2 Physiological parameters 
Physiological determination namely: total chlorophyll content, leaf NR 
activity, carbonic anhydrase activity and NPK contents were investigated on the 
pattern of earlier experiment. The data found to be significant briefly described 
below : 
4.3.2.1 Total chlorophyll content 
Chlorophyll content increased with higher wastewater concentration (Table 
48). Thus at all the three stages, 100%WW proved best registering an increase of 
17.83%, 12.46% and 15.67% over GW. Chlorophyll content decreased from 
vegetative to fruiting stage. Phosphorus dose, P40 proved optimum and P20 was 
deficient and the higher dose, Peo showed its luxury consumption. The 
combinations 100%WWxP6o and 100%WWxP4o; 50%WWxP6o and 50%WWxP4o 
were at par at all three stages of sampling. 
4.3.2.2 Leaf NR activity 
Increase in NR activity was also observed with wastewater irrigation 
(Table 49). At all the three stages, 100%WW was critically different from the 
other water treatments. The increase with 100%WW was 14.55%, 12.69% and 
19.97% over GW. The activity of this enzyme decreased with the increase in plant 
age. Response of fertilizer was almost on the pattern of other parameters. At 
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Table 48. Effect of GW, 50%WW and 100%WW on total chlorophyll content (mg 
g"' fresh weight) of Trigonella foenum-graecum cv. Desi with four levels of 
phosphorus. 
Treatments 
Po 
P20 
P40 
Peo 
Mean 
Po 
P20 
P40 
P60 
Mean 
Po 
P20 
P40 
P60 
Mean 
Water 
Phosphorus 
Interaction 
GW 
1.787 
2.221 
2.223 
2.227 
2.115 
GW 
1.586 
1.742 
1.816 
1.820 
1.741 
GW 
1.378 
1.584 
1.626 
1.638 
1.557 
Vegetative stage 
0.100 
0.086 
0.172 
Vegetative stage 
50%WW 
1.888 
2.298 
2.402 
2.409 
2.249 
100% WW 
1.914 
2.227 
2.911 
2.915 
2.492 
Flowering stage 
50%WW 
1.639 
1.814 
1.890 
1.916 
1.815 
100% WW 
1.688 
1.953 
2.094 
2.096 
1.958 
Fruiting stage 
50%WW 
1.423 
1.670 
1.718 
1.724 
1.634 
CD at 5% 
100%WW 
1.552 
1.839 
1.902 
1.909 
1.801 
Flowering stage 
0.015 
0.013 
0.027 
Mean 
1.863 
2.249 
2.512 
2.517 
Mean 
1.638 
1.836 
1.933 
1.944 
Mean 
1.451 
1.698 
1.749 
1.757 
Fruiting stage 
0.009 
0.008 
0.016 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha\ A uniform dose of N 
and K was also applied basally. 
Table 49. Effect of GW, 50%WW and 100%WW on leaf NR activity (^ mol g"' leaf 
fresh weight h"') of Thgonella foenum^graecum cv. Desi with four levels of 
phosphorus. 
Treatments 
Po 
P20 
P40 
P60 
Mean 
Po 
P20 
P40 
P60 
Mean 
Po 
P20 
P40 
P60 
Mean 
Water 
Phosphorus 
Interaction 
GW 
470.35 
515.75 
581.42 
581.68 
537.30 
GW 
339.68 
398.82 
452.38 
451.71 
410.65 
GW 
220.15 
256.79 
305.25 
308.29 
272.62 
Vegetative stage 
3.907 
3.384 
6.768 
Vegetative stage 
50%WW 
487.06 
547.39 
628.66 
630.92 
573.51 
100%WW 
507.95 
593.68 
679.67 
680.55 
615.46 
Flowering stage 
50% WW 
366.74 
424.29 
481.79 
482.36 
438.80 
100% WW 
382.45 
459.56 
503.56 
505.47 
462.76 
Fruiting stage 
50% WW 
247.91 
291.63 
339.16 
342.53 
305.31 
CD at 5% 
100% WW 
269.98 
304.72 
363.52 
369.97 
327.05 
Flowering stage 
4.042 
3.500 
7.000 
Mean 
488.45 
552.27 
629.92 
631.05 
Mean 
362.96 
427.56 
479.24 
479.85 
Mean 
246.01 
284.38 
335.98 
340.26 
Fruiting stage 
6.104 
5.286 
NS 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha". A uniform dose of N 
and K was also applied basally. NS = Non significant. 
Experimental Results 
vegetative and flowering stages, the combination 100%WW XP40 proved optimum 
and it was at par with 100%WWxP6o and the combination 50%WWxP6o was 
equally effective with 50%WWxP4o. 
4.3.2.3 Carbonic anhydrase (CA) activity 
Increase in enzyme activity with wastewater was also observed which was 
9.75%, 10.80% and 11.22% more over GW (Table 50). Water treatments were 
critically different. The enzyme activity decreased with the increase in growth. 
Effect of phosphorus fertilizer remained the same at all the three sampling stages, 
with P40 being optimum and Peo was at luxury consumption while P20 was 
deficient. Among interactions, 100%WWxP6o was at par with 100%WWxP4o; and 
100%WWxP2o and 50%WWxP6o were also at par at vegetative stage. 
4.3.2.4 Leaf NPK contents 
4.3.2.4.1 Nitrogen 
Expectedly irrigation with wastewater significantly increased the N content 
also at all the three growth stages (Table 51). The increase recorded with 
100%WW was 7.32%, 6.01% and 4.06% over GW. All water treatments were 
critically different at vegetative and flowering while at fruiting 100%WW and 
50%WW were at par. The nitrogen percentage in leaves was decreased with 
increase in growth. The phosphorus dose, P40 proved best as it was at par with P^ o 
while P20 was deficient. It may be pointed out that Pgo was at luxury consumption 
at all the three stages. Among interactions, 100%WWxPo gave an increase of 
5.11% and 4.29% over GWxPo at vegetative and flowering stages respectively. In 
general N content were more in combination where P was either P40 or Peo-
4.3.2.4.2 Phosphorus 
Like N content, it also increased with the irrigation of WW (Table 52). 
Both concentrations performed differently. P content increased up to 10.78%, 
11.86% and 9.35% over GW when compared with 100%WW. Phosphorus content 
also decreased with growth, P40 proved optimum and at par with Peo showing its 
luxury consumption and the optimum dose gave an increase of 20.69%, 16.92% 
and 15.27% over PQ. The lowest dose P20 was deficient. Among interactions, 
100%WWxP4o and 100%WWxP6o were at par and the former combination 
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Table 50. Effect of GW, 50%WW and 100%WW on carbonic anhydrase activity 
[mol (CO2) kg'' (leaf fresh mass) s''] oi Trigonella foenum-graecum cv. Desi 
with four levels of phosphorus. 
Treatments 
Po 
P20 
P40 
Peo 
Mean 
Po 
P20 
P40 
Peo 
Mean 
Po 
P20 
P40 
Peo 
Mean 
Water 
Phosphorus 
Interaction 
GW 
3.14 
4.01 
4.39 
4.44 
4.00 
GW 
2.59 
3.20 
3.56 
3.59 
3.24 
GW 
1.69 
2.03 
2.21 
2.25 
2.05 
Vegetative stage 
0.046 
0.040 
0.080 
Vegetative stage 
50% WW 
3.30 
4.22 
4.55 
4.58 
4.16 
100% WW 
3.51 
4.61 
4.71 
4.74 
4.39 
Flowering stage 
50% WW 
2.76 
3.48 
3.63 
3.67 
3.39 
100% WW 
2.90 
3.65 
3.89 
3.93 
3.59 
Fruiting stage 
50% WW 
1.83 
2.17 
2.30 
2.34 
2.16 
CD at 5% 
100% WW 
1.94 
2.26 
2.45 
2.48 
2.28 
Flowering stage 
0.067 
0.058 
NS 
Mean 
3.32 
4.28 
4.55 
4.59 
Mean 
2.75 
3.44 
3.69 
3.73 
Mean 
1.82 
2.15 
2.32 
2.36 
Fruiting stage 
0.079 
0.068 
NS 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha' . A uniform dose of N 
and K was also applied basaily. NS = Non significant. 
Table 51. Effect of GW, 50%WW and 100%WW on nitrogen content (%) of 
Trigonella foenum-graecum cv. Desi with four levels of phosphorus. 
Treatments 
Po 
P20 
P40 
P60 
Mean 
Po 
P20 
P40 
P60 
Mean 
Po 
P20 
P40 
P60 
Mean 
Water 
Phosphorus 
Interaction 
GW 
3.33 
3.55 
3.95 
3.94 
3.69 
GW 
3.03 
3.30 
3.48 
3.51 
3.33 
GW 
2.45 
2.70 
2.84 
2.84 
2.71 
Vegetative stage 
0.026 
0.023 
0.045 
Vegetative stage 
50% WW 
3.44 
3.78 
4.16 
4.18 
3.89 
Flowering 
50% WW 
3.11 
3.39 
3.59 
3.61 
3.43 
100%WW 
3.50 
3.86 
4.23 
4.26 
3.96 
stage 
100% WW 
3.16 
3.52 
3.72 
3.73 
3.53 
Fruiting stage 
50% WW 
2.48 
2.84 
2.93 
2.93 
2.80 
CD at 5% 
100%WW 
2.52 
2.87 
2.96 
2.94 
2.82 
Flowering stage 
0.025 
0.022 
0.044 
Mean 
3.42 
3.73 
4.11 
4.13 
Mean 
3.10 
3.40 
3.60 
3.62 
Mean 
2.48 
2.80 
2.91 
2.90 
Fruiting stage 
0.029 
0.025 
NS 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha\ A uniform dose of N 
and K was also applied basally. NS = Non significant. 
Table 52. Effect of GW, 50%WW and 100%WW on phosphorus content (%) of 
Trigonellafoenum-graecum cv. Desi with four levels of phosphorus. 
Treatments 
Po 
P20 
P40 
P60 
Mean 
Po 
P20 
P40 
P60 
Mean 
Po 
P20 
P40 
P60 
Mean 
Water 
Phosphorus 
hiteraction 
GW 
0.370 
0.409 
0.426 
0.428 
0.408 
GW 
0.320 
0.354 
0.369 
0.373 
0.354 
GW 
0.327 
0.352 
0.366 
0.367 
0.353 
Vegetative stage 
0.003 
0.002 
0.005 
Vegetative stage 
50% WW 
0.376 
0.429 
0.458 
0.460 
0.431 
100% WW 
0.385 
0.460 
0.481 
0.482 
0.452 
Flowering stage 
50% WW 
0.330 
0.363 
0.375 
0.380 
0.362 
100% WW 
0.344 
0.402 
0.417 
0.420 
0.396 
Fruiting stage 
50% WW 
0.330 
0.378 
0.386 
0.389 
0.371 
CD at 5% 
100% WW 
0.346 
0.393 
0.402 
0.403 
0.386 
Flowering stage 
0.005 
0.005 
0.009 
Mean 
0.377 
0.433 
0.455 
0.457 
Mean 
0.331 
0.373 
0.387 
0.391 
Mean 
0.334 
0.374 
0.385 
0.386 
Fruiting stage 
0.003 
0.003 
0.005 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha". A uniform dose of N 
and K was also applied basally. 
Experimental Results 
recorded 30.00%, 30.31% and 22.94% more P content over GWXPQ. However, at 
flowering stage GWXP40 was equally effective with 50%)WWxP2o- P content also 
increased with the higher doses (P40 and Peo) of phosphorus however, 
100%WWxP2o was better than 50%WWxP4o and 50%WWxP6o proving the role of 
wastewater in supplementing the phosphorus. 
4.3.2.4.3 Potassium 
Like nitrogen and phosphorus content, potassium also increased with 
wastewater (Table 53). All the water treatments were critically different. 
100%WW gave an increase of 5.46%, 7.29% and 6.41% over GW. K content also 
decreased with the increase in growth. Among fertilizer treatments, P40 was 
optimum, P20 was deficient and Peo was at luxury consumption as it could not 
enhance the K content when compared with P4o- Among interactions, 
100%WWxP4o proved best at vegetative and fruiting and it was at par with 
100%WWxP6o and the former combination gave an increase of 27.76%o and 
23.32% over GWXPQ. K contents were more in combinations where phosphorus 
level was either P40 or Peo- Among the three nutrients K was more followed by 
nitrogen and phosphorus. 
4.3.3 Yield and quality parameters 
The yield and quality attributes studied at harvest included pod number 
plant'', pod length, seed number pod'', 1000 seed weight, seed yield plant'', 
biological yield plant"', seed protein content and seed carbohydrate content. 
4.3.3.1 Pod number plant'' 
Irrigation with wastewater increased the pod formation (Table 54a). 
100%WW recorded 2.62% increase over GW. Even 50% enhanced 1.46% pod 
formation. Among fertilizer doses, P40 was optimum as it was at par with Peo- The 
lowest dose P20 was deficient. The best dose registered an increase of 11.07% 
over PQ. 
4.3.3.2 Pod length 
WW also enhanced it (Table 54b) where 100%WW gave an increase of 
3.08% over GW. Among the fertilizer doses, P40 proved good as it was at par with 
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Table 53. Effect of GW, 50%WW and 100%WW on potassium content (%) of 
Trigonellafoenum-graecum cv. Desi with four levels of phosphorus. 
Vegetative stage 
Po 
P20 
P40 
P60 
GW 
3.71 
4.15 
4.48 
4.49 
50% WW 
3.79 
4.37 
4.62 
4.64 
100% WW 
3.86 
4.43 
4.74 
4.75 
Mean 
3.79 
4.32 
4.61 
4.63 
Mean 4.21 4.35 4.44 
Flowering stage 
GW 50% WW 100% WW Mean 
Po 
P20 
P40 
P60 
3.05 
3.42 
3.61 
3.62 
3.14 
3.53 
3.74 
3.74 
3.19 
3.61 
3.84 
4.09 
3.13 
3.52 
3.73 
3.82 
Mean 3.43 3.54 3.68 
Fruiting stage 
GW 50% WW 100% WW Mean 
Po 
P20 
P40 
P60 
2.83 
3.12 
3.25 
3.27 
2.91 
3.23 
3.37 
3.39 
2.95 
3.31 
3.49 
3.51 
2.90 
3.22 
3.37 
3.39 
Mean 
Water 
Phosphorus 
Interaction 
3.12 
Vegetative stage 
0.015 
0.013 
0.026 
3.22 3.32 
CD at 5% 
Flowering stage 
0.127 
0.110 
NS 
Fruiting stage 
0.023 
0.020 
0.041 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha" . A uniform dose of N 
and K was also applied basally. NS = Non significant. 
Table 54. Effect of GW, 50%WW and 100%WW on (a) pod number plant'', (b) pod 
length (cm), (c) seed number pod' and (d) 1000 seed weight 
Trigonellafoenurrh-graecum cv. Desi with four levels of phosphorus. 
(g) of 
(a) 
(b) 
(c) 
(d) 
Treatments 
1 Po 
P20 
P40 
P60 
Mean 
) Po 
P20 
P40 
P60 
Mean 
1 Po 
P20 
P40 
P60 
Mean 
Po 
P20 
P40 
P60 
Mean 
Water 
Phosphorus 
Interaction 
GW 
33.68 
36.06 
37.55 
37.61 
36.22 
9.84 
11.07 
12.87 
12.89 
11.67 
12.45 
13.56 
14.75 
14.77 
13.88 
2.95 
3.40 
3.69 
3.69 
3.43 
Pod number 
plant'' 
0.100 
0.086 
NS 
Pod number plant'' 
50%WW 
34.26 
36.62 
38.03 
38.08 
36.75 
100% WW 
34.75 
36.94 
38.47 
38.50 
37.17 
Pod length 
10.02 
11.23 
13.07 
13.10 
11.86 
10.28 
11.46 
13.18 
13.20 
12.03 
Seed number pod"' 
12.77 
13.78 
15.09 
15.10 
14.19 
1000 seed 
3.03 
3.48 
3.85 
3.77 
3.53 
12.95 
14.05 
15.36 
15.38 
14.43 
1 weight 
3.09 
3.57 
4.00 
3.90 
3.64 
CD at 5% 
Pod length 
0.042 
0.037 
0.073 
Seed number 
pod'' 
0.058 
0.050 
NS 
Mean 
34.23 
36.54 
38.02 
38.06 
10.05 
11.25 
13.04 
13.06 
12.72 
13.80 
15.06 
15.08 
3.02 
3.48 
3.85 
3.79 
1000 seed 
weight 
0.059 
0.051 
NS 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha" 
and K was also applied basally. NS = Non significant. 
A uniform dose of N 
Experimental Results 
Peo which showed luxury consumption, former treatment gave 29.75% more pod 
length over PQ while P20 was deficient. Interaction of 100%WWxP4o gave the best 
results and it was at par with 100%WWxP6o- The former combination recorded an 
increase of 33.94% over GWXPQ. It may be noted that 100% WWXP40 gave more 
pod length than GWxPeo-
4.3.3.3 Seed number pod'* 
Like pod number seed number also increased by wastewater irrigation 
(Table 54c). 100%WW gave 3.96% increase over GW and all water treatments 
were critically different. The fertilizer doses followed the similar trend as 
observed in pod number. Thus P40 was optimum and it was at par with Peo while 
P20 was deficient. The optimum treatment registered an increase of 18.40% over 
control. 
4.3.3.4 1000 seed weight 
Like growth and yield parameters mentioned earlier, this important 
parameter also showed significant increase with 100%WW (Table 54d). The 
increase was up to 6.12%. While with 50%WW it was 2.92% over GW. The 
fertilizer treatments also showed similar trend as noted earlier. Thus P40 was the 
optimum dose, at par with ?60 which showed the luxury consumption of 
phosphatic fertilizer and therefore can be discarded specially when the crop is 
grown under wastewater. 
4.3.2.5 Seed yield plant' 
It increased with higher wastewater concentration (Table 55a). All water 
treatments were critically different. 100%WW gave 12.43% and 50% WW gave 
6.36% increase over GW showing the utility of wastewater. P40 dose was optimum 
and gave an increase of 29.08% over PQ while Peo showed the luxury consumption 
as seed yield could not be enhanced further. Even P20 enhanced seed yield up to 
21.57% over PQ. The combination of wastewater with both P40 as well as with Peo 
proved best and the optimum combination recorded 42.96% more seed yield over 
GWXPQ. similarly P40 and Veo were equally effective when observed under 
50%WW as well as in GW confirming the luxury consumption of Peo under the 
three water treatments. 
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Table 55. Effect of GW, 50%WW and 100%WW on (a) seed yield plant"' (g) and (b) 
biological yield plant'' (g) of Trigonella foenum-graecum cv. Desi with four 
levels of phosphorus. 
Treatments 
(a) Po 
P20 
P40 
Peo 
Mean 
(b) Po 
P20 
P40 
Peo 
Mean 
Water 
Phosphorus 
Interaction 
GW 
2.91 
3.40 
3.75 
3.77 
3.46 
GW 
8.95 
10.05 
11.05 
11.09 
10.29 
Seed yield plant'' 
50%WW 
3.02 
3.79 
3.94 
3.98 
3.68 
100%WW 
3.24 
3.98 
4.16 
4.19 
3.89 
Biological yield plant"' 
50% WW 
9.26 
11.09 
11.46 
11.52 
10.83 
CD at 5% 
Seed yield plant'' 
0.032 
0.028 
0.055 
100% WW 
9.79 
11.51 
11.98 
12.05 
11.33 
1 Mean 
3.06 
3.72 
3.95 
3.98 
Mean 
9.33 
10.88 
11.50 
11.55 
Biological yield plant'' 
0.030 
0.026 
0.051 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha" . A uniform dose of N 
and K was also applied basally. 
Experimental Results 
4.3.3.6 Biological yield plant' 
Biological yield also increased with the irrigation of wastewater (Table 
55b). Thus 100%WW recorded an increase of 10.11% over GW. Among fertilizer 
doses, P60 proved optimum. Biomass increased 23.26% by Peo over PQ. Among the 
interactions, 100%WWxP6o gave the optimum value followed by 100%WWxP4o 
while the other wastewater concentrations and GW gave at par values in 
combination with P40 as well as Peo-
4.3.3.7 Seed protein content 
Irrigation with 100% wastewater proved beneficial in enhancing it (Table 
56a) 100%WW recorded 7.72% while 50%WW 3.63% more protein over GW. All 
water treatments were critically different. P40 proved optimum and gave an 
increase of 8.13% over Po, while ?so showed luxury consumption and P20 was 
deficient. Among the interactions, 100%WWxP4o proved best and was at par with 
100%WWxP6o and the optimum combination gave an increase of 16.11%over 
GWxPo. 100%WWxPo gave 8.40% more seed protein over control. 
4.3.3.8 Seed carboliydrate content 
Application of 100%WW increased it by 2.94% over GW (Table 56b) and 
all water treatments were critically different. Among fertilizer doses, P40 proved 
best and gave 5.37%) more carbohydrate content, P20 showed deficient effect while 
Peo proved luxury. The combination of 100% WWXP40 proved optimum and it 
gave an increase of 8.89%) over GWXPQ. 50%WWxPo was at par with GWXP20 on 
one hand and on the other it was at par with 100%WWxPo. 
4.4 Experiment IV (spinach) 
In this experiment, comparative effect of raw and 50%) diluted wastewater 
and groundwater alongwith four levels of phosphorus on various 
morphophysiological characteristics was studied (Tables 57 to 71). Most of the 
data was found to be significant and described briefly below: 
4.4.1 Growth parameters 
The growth parameters noted at vegetative, flowering and fruiting stages 
were plant height, root fresh weight, root dry weight, shoot fresh weight, shoot dry 
weight, leaf number and leaf area. 
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Table 56. Effect of GW, 50%WW and 100%WW on (a) seed protein content (%) 
and (b) seed carbohydrate content (%) of Trigonella foenum-graecum cv. 
Desi with four levels of phosphorus. 
(a) 
(b) 
Treatments 
Po 
P20 
P40 
Peo 
Mean 
Po 
P20 
P40 
PdO 
Mean 
Water 
Phosphorus 
Interaction 
GW 
26.19 
26.96 
28.58 
28.53 
27.56 
GW 
44.42 
44.89 
46.44 
46.63 
45.60 
Seed] protein 1 
0.060 
0.035 
0.085 
Seed protein 
50% WW 
27.28 
27.84 
29.54 
29.60 
28.57 
content 
100% WW 
28.39 
29.48 
30.41 
30.46 
29.69 
Seed carbohydrate content 
50% WW 
44.97 
45.63 
46.95 
46.99 
46.14 
CD at 5% 
content 
100% WW 
45.14 
45.82 
48.37 
48.41 
46.94 
Mean 
27.29 
28.09 
29.51 
29.53 
Mean 
44.84 
45.45 
47.25 
47.34 
Seed carbohydrate content 
0.157 
0.091 
0.223 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha . A uniform dose of N 
and K was also applied basally. 
Experimental Results 
4.4.1.1 Plant height 
Application of 100%WW increased it by 13.43%, 7.66% and 6.23% over 
GW (Table 57) at the three sampling stages and water treatments were critically 
different. Among fertilizer doses, P30 proved best at all the three growth stages as 
it was at par with P40. The former treatment enhanced 56.22%, 21.82% and 
17.80% plant height over control which increased up to fruiting. Among the 
interactions, expectedly 100%WWxP3o was the optimum combination being at par 
with 100%WWxP4o at three sampling stages. 
4.4.1.2 Root fresh weight plant* 
100%WW proved beneficial in enhancing the root fresh weight at 
vegetative, flowering and fruiting stages (Table 58). It was followed by 50%WW 
while the GW gave the lowest value. P30 proved optimum and P40 was at luxury 
consumption. The increase recorded with P30 was 59.70%, 58.13%» and 37.37% 
over Po, while P20 proved deficient. Fresh weight increased with the increase in 
growth and it was more between the first two samplings. 100%WWxP3o proved 
best combination as it was at par with 100%WWxP4o at all three stages of 
sampling. The combinations of 50%WW XP30 and 50%WWxP4o were also equally 
effective. 
4.4.1.3 Root dry weight plant* 
100%WW proved effective for dry matter accumulation also as it gave an 
increase of 17.06%, 19.47% and 14.32% over GW (Table 59). P @ 30 kg ha'' 
proved best as it was at par with P40 at vegetative, flowering and fruiting stages. 
The lowest dose P20 was deficient and Po gave the lowest value. Root dry weight 
like fresh weight also increased up to fruiting and followed similar growth pattern. 
100%WWxP3o was the optimum combination among all the interactions and it was 
at par with 100%WWxP4o at flowering and fruiting. At later stage 100%WWxPo 
and GWXP20 were also equally effective. 
4.4.1.4 Shoot fresh weight plant* 
It was also significantly enhanced by wastewater and 100%)WW proved 
more effective by increasing 35.51%, 21.76%) and 15.52% more fresh weight over 
GW (Table 60). Even 50%WW increased it up to 18.74%, 11.69% and 7.78%. 
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Table 57. Effect of GW, 50%WW and 100%WW on plant height (cm) of Spinecea 
oleracea cv. Kaveri with four levels of phosphorus. 
Treatments GW 
Vegetative stage 
50%WW 100% WW Mean 
Po 
P20 
P30 
P40 
15.36 
18.27 
24.81 
24.94 
16.57 
20.71 
25.97 
26.12 
17.75 
23.10 
26.84 
26.91 
16.56 
20.69 
25.87 
25.99 
Mean 20.85 22.34 23.65 
Flowering stage 
GW 50% WW 100% WW Mean 
Po 
P20 
P30 
P40 
36.82 
40.75 
44.45 
44.59 
38.11 
42.17 
46.27 
46.31 
39.24 
43.28 
48.39 
48.43 
38.06 
42.07 
46.37 
46.44 
Mean 41.65 43.22 44.84 
Fruiting stage 
GW 50% WW 100% WW Mean 
Po 
P20 
P30 
P40 
54.85 
59.02 
65.00 
65.04 
56.55 
61.46 
66.24 
66.29 
58.17 
63.87 
68.51 
68.56 
56.52 
61.45 
66.58 
66.63 
Mean 
Water 
Phosphorus 
Interaction 
60.98 
Vegetative stage 
0.327 
0.283 
0.567 
62.64 64.78 
CD at 5% 
Flowering stage 
0.294 
0.255 
0.509 
Fruiting stage 
0.359 
0.311 
0.621 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha . A uniform dose of N 
and K was also applied basally. 
Table 58. Effect of GW, 50%WW and 100%WW on root fresh weight plant' (g) of 
Spinecea oleracea cv. Kaveri with four levels of phosphorus. 
Treatments 
Po 
P20 
P30 
P40 
Mean 
Po 
P20 
P30 
P40 
Mean 
Po 
P20 
P30 
P40 
Mean 
Water 
Phosphorus 
Interaction 
GW 
1.459 
1.798 
2.389 
2.415 
2.015 
GW 
18.64 
23.91 
29.56 
29.89 
25.50 
GW 
25.50 
28.53 
33.84 
34.17 
30.51 
Vegetative stage 
0.051 
0.044 
0.089 
Vegetative 
50%WW 
1.584 
1.904 
2.501 
2.526 
2.129 
stage 
100% WW 
1.692 
2.236 
2.669 
2.687 
2.321 
Flowering stage 
50%WW 
20.80 
25.46 
32.24 
33.00 
27.87 
100% WW 
22.17 
27.82 
35.63 
36.14 
30.44 
Fruiting stage 
50% WW 
26.50 
29.45 
36.53 
37.08 
32.39 
CD at 5% 
100% WW 
28.27 
30.61 
39.92 
40.44 
34.81 
Flowering stage 
0.608 
0.526 
1.053 
Mean 
1.578 
1.979 
2.520 
2.543 
Mean 
20.54 
25.73 
32.48 
33.01 
Mean 
26.76 
29.53 
36.76 
37.23 
Fruiting stage 
0.604 
0.523 
1.047 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha . A uniform dose of N 
and K was also applied basally. 
Table 59. Effect of GW, 50%WW and 100%WW on root dry weight planf' (g) of 
Spinecea oleracea cv. Kaveri with four levels of phosphorus. 
Treatments 
Po 
P20 
P30 
P40 
Mean 
Po 
P20 
P30 
P40 
Mean 
Po 
P20 
P30 
P40 
Mean 
Water 
Phosphorus 
Interaction 
GW 
0.365 
0.449 
0.597 
0.604 
0.504 
GW 
4.66 
5.97 
7.39 
7.47 
6.37 
GW 
6.29 
7.03 
8.49 
8.62 
7.61 
Vegetative stage 
0.021 
0.019 
NS 
Vegetative stage 
50% WW 
0.396 
0.476 
0.625 
0.627 
0.531 
Flowering 
50%WW 
5.20 
6.36 
8.06 
8.22 
6.96 
100%WW 
0.460 
0.560 
0.667 
0.672 
0.590 
stage 
100% WW 
5.54 
6.95 
8.90 
9.04 
7.61 
Fruiting stage 
50% WW 
6.62 
7.36 
9.14 
9.67 
8.20 
CD at 5% 
100%) WW 
7.06 
7.66 
9.95 
10.13 
8.70 
Flowering stage 
0.135 
0.117 
0.234 
Mean 
0.407 
0.495 
0.630 
0.634 
Mean 
5.13 
6.43 
8.12 
8.24 
Mean 
6.66 
7.35 
9.19 
9.47 
Fruiting stage 
0.127 
0.110 
0.220 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha^ A uniform dose of N 
and K was also applied basaliy. NS = Non significant. 
Table 60. Effect of GW, 50%WW and 100%WW on shoot fresh weight plant'' (g) of 
Spinecea oleracea cv. Kaveri with four levels of phosphorus. 
Treatments 
GW 
Vegetative stage 
50% WW 100% WW Mean 
Po 
P20 
P30 
P40 
6.55 
7.21 
10.27 
10.33 
7.44 
8.97 
12.11 
12.26 
9.18 
10.14 
13.54 
13.69 
7.72 
8.77 
11.97 
12.09 
Mean 8.59 10.20 11.64 
Flowering stage 
GW 50% WW 100% WW Mean 
Po 
P20 
P30 
P40 
7.69 
10.74 
14.25 
14.56 
9.10 
12.13 
15.69 
15.82 
10.28 
13.21 
16.96 
17.08 
9.02 
12.03 
15.63 
15.82 
Mean 11.81 13.19 14.38 
Fruiting stage 
GW 50% WW 100% WW Mean 
Po 
P20 
P30 
P40 
18.05 
21.70 
26.44 
26.34 
19.51 
24.15 
27.93 
28.12 
21.65 
25.42 
29.83 
29.97 
19.74 
23.76 
28.07 
28.14 
Mean 
Water 
Phosphorus 
Interaction 
23.13 
Vegetative stage 
0.222 
0.193 
0.385 
24.93 26.72 
CD at 5% 
Flowering stage 
0.294 
0.254 
NS 
Fruiting stage 
0.265 
0.229 
0.459 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha . A uniform dose of N 
and K was also applied basally. NS = Non significant. 
Experimental Results 
Here also, P30 proved optimum as P40 could not enhance the fresh weight further. 
P30 gave an increase of 55.05%, 73.28% and 42.20% over control. Among 
interactions, 100%WWxP3o proved optimum which was equalled by 
100%)WWxP4o at vegetative and fruiting. 100%WWxPo increased this parameter 
up to 40.15%) and 19.94%) over GWxPo at vegetative and fruiting stages showing 
the utility of wastewater and importance of this study. At fruiting 100%) WWXPQ 
and GWxPio also showed equal effect proving one of the objectives where atleast 
20 kg P can be saved by applying wastewater as a source of irrigation. 
4.4.1.5 Shoot dry weight plant' 
It was also affected with wastewater irrigation (Table 61) as both 
100%WW, 50%)WW were better than GW in terms of dry weight accumulation. 
The former treatment gave an increase of 21.26%), 19.97%o and 13.65%) over 
control (GW) at three stages of growth. Among the fertilizer doses, P30 proved 
optimum recording higher dry weight over PQ and the higher dose of P was at 
luxury consumption as it could not enhance the dry matter. The shoot dry weight 
increased from vegetative to fruiting continuously. 100%)WWxPo was at par with 
GWXP20 at vegetative and flowering stages while at fruiting the later combination 
was at par with 50%)WWxPo showing the utility of wastewater when applied even 
after 50%o dilution. 
4.4.1.6 Leaf number plant' 
As the study crop was a leafy vegetable, therefore, leaf production may be 
an important parameter. All the water treatments were critically different (Table 
62). The increase recorded with 100%WW was 16.26%, 17.75% and 9.82% at 
three stages. P30 proved optimum, the higher dose P40 showed luxury consumption 
while P20 was the poorest. The increase recorded with P30 was 53.13%), 54.95%) 
and 33.80%) over PQ. Among interactions, 100%WWxP3o proved best at vegetative 
stage and it was at par with 100%WWxP4o while at the fruiting stage 
100%)WWxP4o proved optimum followed by 100%WWxP3o. It may be noted that 
100%WWxP2o was at par with GWXP40 at first sampling. 100%)WWxPo gave an 
increase of 12.66%) and 7.49%) over GWxPo at vegetative and fruiting stages. 
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Table 61. Effect of GW, 50%WW and 100%WW on shoot dry weight plant"' (g) of 
Spinecea oleracea cv. Kaveri with four levels of phosphorus. 
Treatments 
Po 
P20 
P30 
P40 
Mean 
Po 
P20 
P30 
P40 
Mean 
Po 
P20 
P30 
P40 
Mean 
Water 
Phosphorus 
Interaction 
GW 
1.96 
2.73 
3.84 
3.49 
3.01 
GW 
4.83 
5.68 
7.02 
7.13 
6.16 
GW 
5.68 
6.07 
7.56 
7.63 
6.74 
Vegetative stage 
0.147 
0.128 
0.255 
Vegetative stage 
50% WW 
2.28 
3.19 
3.80 
3.91 
3.30 
Flowering 
50% WW 
5.13 
6.28 
7.61 
7.70 
6.68 
100% WW 
2.81 
3.51 
4.11 
4.17 
3.65 
stage 
100% WW 
5.89 
6.97 
8.55 
8.13 
7.39 
Fruiting stage 
50% WW 
6.08 
6.78 
8.12 
7.91 
7.22 
CD at 5% 
100% WW 
6.46 
7.36 
8.14 
8.69 
7.66 
Flowering stage 
0.155 
0.134 
0.269 
Mean 
2.35 
3.14 
3.92 
3.86 
Mean 
5.28 
6.31 
7.73 
7.65 
Mean 
6.07 
6.74 
7.94 
8.08 
Fruiting stage 
0.181 
0.157 
0.314 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha' . A uniform dose of N 
and K was also applied basally. 
Table 62. Effect of GW, 50%WW and 100%WW on leaf number plant"' of Spinecea 
oleracea cv. Kaveri with four levels of phosphorus. 
Vegetative stage 
1 rcaiinciub 
Po 
P20 
P30 
P40 
GW 
10.11 
12.82 
14.96 
15.22 
50% WW 
10.18 
14.04 
16.10 
16.38 
100% WW 
11.39 
15.23 
17.45 
17.69 
Mean 
10.56 
14.03 
16.17 
16.43 
Mean 13.28 14.17 15.44 
Flowering stage 
GW 50% WW 100% WW Mean 
Po 
P20 
P30 
P40 
19.85 
24.80 
30.91 
31.25 
21.24 
27.00 
33.48 
33.85 
23.76 
29.46 
36.12 
36.42 
21.62 
27.09 
33.50 
33.84 
Mean 26.70 28.89 31.44 
Fruiting stage 
GW 50% WW 100% WW Mean 
Po 
P20 
P30 
P40 
49.82 
56.95 
66.25 
66.38 
51.69 
59.62 
68.70 
68.74 
53.55 
63.15 
72.54 
73.68 
51.69 
59.91 
69.16 
69.60 
Mean 
Water 
Phosphorus 
Interaction 
59.85 
Vegetative stage 
0.328 
0.284 
0.568 
62.19 65.73 
CD at 5% 
Flowering stage 
0.512 
0.443 
NS 
Fruiting stage 
0.511 
0.442 
0.884 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha'. A uniform dose of N 
and K was also applied basally. NS = Non significant. 
Experimental Results 
4.4.1.7 Leaf area plant' 
It was also positively affected with wastewater as it increased up to 
18.42%, 10.09% and 11.06% more leaf area over GW at three stages (Table 63). 
Even 50% WW recorded 8.35%, 6.34% and 4.91% more leaf area. The treatment, 
P30 proved optimum as it was at par with P40 showing an increase of 46.96%), 
23.82% and 31.37% over Po at vegetative, flowering and fruiting stages 
respectively. P20 was the poorest among the three. Leaf area increased with the 
increase of plant age. The combination 100%WWxP3o proved optimum and it was 
at par with 100%)WWxP4o. It may be noted that 100%)WWxP3o gave an increase of 
34.90%) and 47.11%) over GWxPo at flowering and fruiting. 
4.4.2 Physiological parameters 
Total chlorophyll content, leaf NR activity, leaf CA activity and leaf NPK 
contents were studied at vegetative, flowering and fruiting stages. Only the 
significant data is described below: 
4.4.2.1 Total chlorophyll content 
Wastewater significantly enhanced the chlorophyll content (Table 64) by 
9.67%) and 12.44%) over GW at vegetative and flowering stages. All the water 
treatments were statistically different. Among the fertilizer treatments, P30 being 
optimum gave significant increase over PQ while P40 showed luxury consumption. 
The chlorophyll content declined after first sampling stage. The combinations 
100%WWxP4o and 100% WWXP30, 50%WWxP4o and 50%WWxP3o; GWxPso and 
GWXP40 and the combination 100%)WWxPo and GWXP20 were equally effective at 
vegetative and flowering stage. 
4.4.2.2 Leaf NR activity 
NR activity also increased with the application of 100% wastewater (Table 
65). The effect of GW, 50%WW and 100%WW was critically different. Effect of 
fertilization was more or less same as observed in other parameters. Thus, P30 
proved optimum with 23.96%), 28.51%) and 25.04%) increase over Po at three 
sampling stages as its effect was at par with P40. This parameter also decreased, 
like chlorophyll content with the increase in age. At flowering stage, 
100%WWxP4o proved best and it was followed by 100%WWxP3o. The 
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Table 63. Effect of GW, 50%WW and 100%WW on leaf area (cm^ plant"') of 
Spinecea oleracea cv. Kaveri with four levels of phosphorus. 
Treatments 
Po 
P20 
P30 
P40 
Mean 
Po 
P20 
P30 
P40 
Mean 
Po 
P20 
P30 
P40 
Mean 
Water 
Phosphorus 
Interaction 
GW 
197.85 
249.12 
302.17 
303.87 
263.25 
GW 
702.50 
766.02 
849.26 
848.02 
791.45 
GW 
826.14 
914.25 
1076.14 
1072.99 
972.38 
Vegetative stage 
2.365 
2.049 
NS 
Vegetative 
50% WW 
221.70 
266.46 
325.56 
327.16 
285.22 
stage 
100%WW 
246.60 
297.17 
351.22 
351.99 
311.75 
Flowering stage 
50% WW 
723.76 
816.22 
910.26 
916.37 
841.65 
100%WW 
760.15 
830.11 
947.67 
947.26 
871.30 
Fruiting stage 
50% WW 
868.75 
950.91 
1129.20 
1131.55 
1020.10 
CD at 5% 
100% WW 
908.85 
973.10 
1215.30 
1222.56 
1079.95 
Flowering stage 
1.739 
1.506 
3.013 
Mean 
222.05 
270.92 
326.32 
327.67 
Mean 
728.80 
804.12 
902.40 
903.88 
Mean 
867.91 
946.09 
1140.21 
1142.37 
Fruiting stage 
2.626 
2.274 
4.549 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha . A uniform dose of N 
and K was also applied basally. NS = Non significant. 
Table 64. Effect of GW, 50%WW and 100%WW on total chlorophyll content (mg 
g fresh weight) of Spinecea oleracea cv. Kaveri with four levels of 
phosphorus. 
Treatrnpnts 
Po 
P20 
P30 
P40 
Mean 
Po 
P20 
P30 
P40 
Mean 
Po 
P20 
P30 
P40 
Mean 
Water 
Phosphorus 
Interaction 
GW 
1.809 
1.943 
2.326 
2.322 
2.100 
GW 
1.602 
1.798 
2.029 
2.032 
1.865 
GW 
1.242 
1.873 
1.725 
1.705 
1.636 
Vegetative stage 
0.009 
0.008 
0.015 
Veg 
50% WW 
1.867 
2.037 
2.412 
2.420 
2.184 
etative stage 
100% WW 
1.946 
2.215 
2.518 
2.531 
2.303 
Flowering stage 
50% WW 
1.706 
1.875 
2.148 
2.157 
1.972 
100%WW 
1.795 
1.979 
2.304 
2.311 
2.097 
Fruiting stage 
50%WW 
1.333 
1.567 
1.832 
1.814 
1.637 
CD at 5% 
100%WW 
1.440 
1.672 
1.949 
1.922 
1.746 
Flowering stage 
0.010 
0.008 
0.017 
Mean 
1.874 
2.065 
2.419 
2.424 
Mean 
1.701 
1.884 
2.160 
2.167 
Mean 
1.242 
1.873 
1.725 
1.705 
Fruiting stage 
NS 
0.157 
NS 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha' . A uniform dose of N 
and K was also applied basally. NS = Non significant. 
Table 65. Effect of GW, 50%WW and 100%WW on leaf NR activity (^ mol g'' leaf 
fresh weight h'') of Spinecea oleracea cv. Kaveri with four levels of 
phosphorus. 
Treatments 
Po 
P20 
P30 
P40 
Mean 
Po 
P20 
P30 
P40 
Mean 
Po 
P20 
P30 
P40 
Mean 
Water 
Phosphorus 
Interaction 
GW 
400.10 
444.26 
489.44 
491.36 
456.29 
GW 
325.69 
364.19 
402.54 
401.78 
373.55 
GW 
258.38 
290.49 
314.76 
316.70 
295.08 
Vegetative stage 
11.317 
9.801 
NS 
Veg( 
50%WW 
410.22 
485.78 
512.67 
519.10 
481.94 
;tative stage 
100% WW 
448.16 
534.39 
557.85 
564.20 
526.15 
Flowering stage 
50%WW 
332.84 
402.91 
444.62 
445.98 
406.59 
100% WW 
358.76 
448.87 
460.20 
466.21 
433.51 
Fruiting stage 
50% WW 
264.26 
315.70 
337.17 
338.89 
314.01 
CD at 5% 
100% WW 
285.36 
338.85 
358.39 
360.14 
335.69 
Flowering stage 
2.592 
2.244 
4.489 
Mean 
419.49 
488.14 
519.99 
524.89 
Mean 
339.10 
405.32 
435.79 
437.99 
Mean 
269.33 
315.01 
336.77 
338.58 
Fruiting stage 
2.128 
1.843 
3.686 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha . A uniform dose of N 
and K was also applied basally. NS = Non significant. 
Experimental Results 
combinations 100%WWxP2o, 50%WWxP4o and 50%WWxP3o gave similar effect 
and 50%WWxP2o, GWxPso and GWXP40 were also at par, while at fruiting 
100%WWxP3o proved optimum and at par with 100%WWxP4o. 
4.4.2.3 CA activity 
Like NR activity, wastewater irrigation also improved the CA activity 
(Table 66) and 100%WW gave the highest value. Both concentration differed 
significantly in CA activity and control also. 100%WW gave an increase of 
8.81%, 11.82% and 16.29% at vegetative, flowering and fruiting stages 
respectively. Fertilizer treatments also enhanced this parameter thus P30 proved 
optimum as it was at par with P40 which was therefore, at luxury consumption. The 
increase recorded with P30 treatment was 30.65%, 29.12% and 24.24% at three 
growth stages respectively. The enzyme activity decreased with the increase in 
growth. The interactive effect of 100%WWx P30 and 100%WWxP4o was at par at 
vegetative stage, while at flowering and fruiting, 100%)WWxP4o proved best 
followed by 100%WWxP3o. 100%WW xPo and GWXP20 gave similar effect at 
vegetative and fruiting. 
4.4.2.4 Leaf NPK contents 
4.4.2.4.1 Nitrogen 
It was also affected by wastewater as it was more in 100%WW (Table 67). 
The increase was 9.20%, 10.31% and 10.77% at the three sampling stages 
respectively. Water treatments were statistically different where GW recorded 
lowest N content. Fertilization effect remained by and large the same as in other 
parameters with P30 being optimum and at par with P40. Nitrogen content also 
decreased with the maturity of the plants. The interaction 100%WWxP4o and 
100%WWxP3o were at par at flowering stage, while at fruiting 100%WWxP4o 
proved best followed by 100%WWxP3o. The combination of 100%WWxPo and 
GWXP20 were at par with each other at both stages. 
4.4.2.4.2 Phosphorus 
Increase in phosphorus content with wastewater irrigation was observed at 
vegetative, flowering and fruiting stages (Table 68). The increase was 5.48%, 
8.74% and 8.95%). At vegetative stage P40 was better than P30, however at later two 
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Table 66. Effect of GW, 50%WW and 100%WW on carbonic anhydrase activity 
[mol (CO2) kg' (leaf fresh mass) s''] of Spinecea oleracea cv. Kaveri with 
four levels of phosphorus. 
Treatments 
Po 
P20 
P30 
P40 
Mean 
Po 
P20 
P30 
P40 
Mean 
Po 
P20 
P30 
P40 
Mean 
Water 
Phosphorus 
Interaction 
GW 
2.98 
3.26 
3.98 
3.86 
3.52 
GW 
2.41 
2.91 
3.28 
3.23 
2.96 
GW 
1.55 
1.75 
1.94 
1.87 
1.78 
Vegetative stage 
0.027 
0.023 
0.046 
Vegetative 
50% WW 
3.09 
3.43 
3.98 
4.06 
3.64 
Flowering 
50% WW 
2.58 
3.15 
3.31 
3.34 
3.10 
stage 
100% WW 
3.24 
3.69 
4.18 
4.21 
3.83 
stage 
100% WW 
2.85 
3.28 
3.52 
3.57 
3.31 
Fruiting stage 
50% WW 
1.62 
1.81 
2.02 
2.07 
1.88 
CD at 5% 
100% WW 
1.78 
2.07 
2.18 
2.23 
2.07 
Flowering stage 
0.021 
0.019 
0.037 
Mean 
3.10 
3.46 
4.05 
4.04 
Mean 
2.61 
3.11 
3.37 
3.38 
Mean 
1.65 
1.88 
2.05 
2.06 
Fruiting stage 
0.021 
0.018 
0.036 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha\ A uniform dose of N 
and K was also applied basally. 
Table 67. Effect of GW, 50%WW and 100%WW on nitrogen content (%) of 
Spinecea oleracea cv. Kaveri with four levels of phosphorus. 
Treatments 
Po 
P20 
P30 
P40 
Mean 
Po 
P20 
P30 
P40 
Mean 
Po 
P20 
P30 
P40 
Mean 
Water 
Phosphorus 
Interaction 
GW 
2.17 
2.35 
2.73 
2.74 
2.50 
GW 
1.97 
2.12 
2.40 
2.44 
2.23 
GW 
1.71 
1.90 
2.10 
2.09 
1.95 
Vegetative stage 
0.047 
0.041 
NS 
Vegetative 
50%WW 
2.24 
2.48 
2.79 
2.84 
2.59 
stage 
100% WW 
2.32 
2.65 
2.94 
2.99 
2.73 
Flowering stage 
50% WW 
2.03 
2.26 
2.55 
2.56 
2.35 
100% WW 
2.10 
2.38 
2.67 
2.70 
2.46 
Fruiting stage 
50%WW 
1.76 
1.99 
2.23 
2.23 
2.05 
CD at 5% 
100% WW 
1.87 
2.07 
2.32 
2.38 
2.16 
Flowering stage 
0.028 
0.025 
0.049 
Mean 
2.24 
2.49 
2.82 
2.86 
Mean 
2.03 
2.25 
2.54 
2.57 
Mean 
1.78 
1.99 
2.22 
2.23 
Fruiting stage 
0.023 
0.020 
0.040 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha". A uniform dose of N 
and K was also applied basally. NS = Non significant. 
Table 68. Effect of GW, 50%WW and 100%WW on phosphorus content (%) of 
Spinecea oleracea cv. Kaveri with four levels of phosphorus. 
Treatments 
Po 
P20 
P30 
P40 
Mean 
Po 
P20 
P30 
P40 
Mean 
Po 
P20 
P30 
P40 
Mean 
Water 
Phosphorus 
Interaction 
GW 
0.416 
0.452 
0.476 
0.480 
0.456 
GW 
0.258 
0.279 
0.305 
0.302 
0.286 
GW 
0.167 
0.190 
0.205 
0.199 
0.190 
Vegetative stage 
0.003 
0.002 
NS 
Veg( 
50% WW 
0.431 
0.467 
0.489 
0.492 
0.470 
jtative stage 
Flowering 
50% WW 
0.269 
0.291 
0.312 
0.315 
0.297 
100% WW 
0.447 
0.474 
0.499 
0.503 
0.481 
stage 
100% WW 
0.277 
0.303 
0.330 
0.335 
0.311 
Fruiting stage 
50% WW 
0.175 
0.197 
0.207 
0.210 
0.197 
CD at 5% 
100% WW 
0.185 
0.204 
0.218 
0.222 
0.207 
Flowering stage 
0.002 
0.002 
0.004 
Mean 
0.431 
0.464 
0.488 
0.492 
Mean 
0.268 
0.291 
0.316 
0.317 
Mean 
0.176 
0.197 
0.210 
0.210 
Fruiting stage 
0.002 
0.002 
0.004 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha . A uniform dose of N 
and K was also applied basaily. NS = Non significant. 
Experimental Results 
stages P30 proved optimum and P40 being at luxury consumption while P20 proved 
deficient. At vegetative stage the phosphorus content increased up to 14.15% by 
P40, while at flowering and fruiting P30 showed an increase of 17.19% and 19.32% 
over Po- Phosphorus content also decreased with increase in growth. Among 
interactions, 100%WWxP3o proved best and it was at par with 100%WWxP4o at 
fruiting stage while at flowering the latter combination proved optimum. At both 
these stages 100%WWXP20 was at par with GWxPso and GWXP40. 
4.4.2.4.3 Potassium 
It also increased with wastewater irrigation (Table 69) and the effect of 
50%WW and 100%)WW was critically different. The increase recorded with 
100%WW was 5.28%, 7.45% and 11.26% at the three sampling stages. Regarding 
fertilizer treatments, P30 proved optimum being at par with P40. Potassium content 
were lowest under P20 when compared with P30 and P40. There was decrease in leaf 
potassium content from vegetative to fruiting. It is to be noted that K content were 
more under higher doses of P. It may also be noted that among the three nutrients 
potassium was the maximum followed by nitrogen and phosphorus. Among the 
interactions, 100%)WWx P30 proved best and was at par with 100%WWXP40 at all 
three stages. 
4.4.3 Yield parameters 
Branch number plant"', seed number plant"', 1000 seed weight, seed yield 
plant"' and biological yield plant"' were observed (Tables 70 and 71). 
4.4.3.1 Branch number plant"' 
Wastewater enhanced the number of branches by 25.93%) over GW 
irrigation (Table70a). Both concentrations of wastewater were effective and the 
two were better than GW. P30 proved optimum dose as the higher dose (P40) was at 
par. The increase by P30 was 53.47% over PQ. Like most of the growth parameters, 
P20 proved deficient. 100%WWxP4o was at par with 100%WWxP3o and 100% 
WWxPo and GWXP20 were also at par showing the effectivity of wastewater over 
GW. Among the twelve combinations of interactions, the combinations of 100% 
and 50% with P30 and P40 proved better. 
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Table 69. Effect of GW, 50%WW and 100%WW on potassium content (%) of 
Spinecea oleracea cv. Kaveri with four levels of phosphorus. 
Treatments 
GW 
Vegetative stage 
50% WW 100% WW Mean 
Po 
P20 
P30 
P40 
3.64 
3.83 
4.23 
4.20 
3.72 
4.00 
4.28 
4.32 
3.82 
4.11 
4.41 
4.43 
3.73 
3.98 
4.31 
4.32 
Mean 3.98 4.08 4.19 
Flowering stage 
GW 50% WW 100% WW Mean 
Po 
P20 
P30 
P40 
3.20 
3.40 
3.69 
3.65 
3.29 
3.52 
3.79 
3.82 
3.41 
3.66 
3.94 
3.98 
3.30 
3.53 
3.81 
3.82 
Mean 3.49 3.61 3.75 
Fruiting stage 
GW 50%WW 100% WW Mean 
Po 
P20 
P30 
P40 
2.02 
2.28 
2.47 
2.46 
2.10 
2.35 
2.60 
2.62 
2.25 
2.47 
2.76 
2.78 
2.12 
2.37 
2.61 
2.62 
Mean 
Water 
Phosphorus 
Interaction 
2.31 
Vegetative stage 
0.023 
0.020 
0.040 
2.42 2.57 
CD at 5% 
Flowering stage 
0.022 
0.019 
0.038 
Fruiting stage 
0.025 
0.022 
0.043 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha^ A uniform dose of N 
and K was also applied basally. 
Table 70. Effect of GW, 50%WW and 100%WW on (a) branch number plant'', (b) 
seed number plant' and (c) 1000 seed weight (g) of Spinecea oleracea cv. 
Kaveri with four levels of phosphorus. 
Treatments 
(a) Po 
P20 
P30 
P40 
Mean 
(b) Po 
P20 
P30 
P40 
Mean 
(c) Po 
P20 
P30 
P40 
Mean 
Water 
Phosphorus 
Interaction 
GW 
6.48 
8.17 
9.84 
9.90 
8.60 
GW 
497.24 
565.79 
619.02 
621.76 
575.95 
GW 
9.034 
9.228 
9.697 
9.695 
9.414 
Branch number 
plant'' 
0.072 
0.062 
0.125 
Branch number plant'' 
50% WW 
6.92 
9.05 
10.61 
10.68 
9.32 
100% WW 
8.19 
9.68 
12.70 
12.75 
10.83 
Seed number plant"' 
50% WW 
530.00 
592.91 
663.27 
666.73 
613.23 
100%WW 
562.85 
614.56 
702.26 
706.10 
646.44 
1000 seed weight 
50% WW 
9.118 
9.368 
9.846 
9.859 
9.548 
CD at 5% 
Seed number 
6.728 
5.826 
11.653 
100%WW 
9.207 
9.672 
10.023 
10.032 
9.734 
plant'' 1 
Mean 
7.20 
8.97 
11.05 
11.11 
Mean 
530.03 
591.09 
661.52 
664.86 
Mean 
9.120 
9.423 
9.855 
9.862 
000 seed weight 
0.008 
0.007 
0.013 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha' . A uniform dose of N 
and K was also applied basally. 
Experimental Results 
4.4.3.2 Seed number plant"' 
An increase of 12.24% was recorded by 100%WW application in seed 
number over GW while it was 6.47% more under 50%WW (Table 70b). P30 
proved optimum as the higher dose was at par with it showing luxury consumption 
while the P20 proved deficient. The increase in seed number by P30 was 24.81% 
over Po although P20 registered 11.52% more seeds than PQ. Expectedly 
100%WWxP3o was the optimum combination and it enhanced the seed number up 
to 41.23% over GWxPo showing significant improvement. It may also be noted P30 
as well as P40 with GW was at par with P20 when applied with 100% WW showing 
the saving of phosphatic fertilizer up to 10 kg ha"' if wastewater is a source of 
water for irrigation. Similarly the combination GWxPao was at par with 100%) 
WWxPo. 
4.4.3.3 1000 seed weight 
Significant effect of wastewater application was observed as this parameter 
was enhanced by 3.40% under 100%WW and by 1.42% under 50%WW (Table 
70c). In case of fertilizer, the two higher doses were equally effective proving P30 
to be optimum and Po was the poorest among the four treatmehts. Among the 
interactions 100%WWxP3o was the best giving significantly 10.95% more seed 
weight over GWXPQ. The combination GWXP30 enhanced it by 7.34% over GWxPo 
while 100%WWx Po increased it by 1.91% over GWXPQ. 
4.4.3.4 Seed yield plant"* 
Irrigation with both concentrations of wastewater resulted in higher yield as 
compared to GW (Table 71a). Thus 100%)WW gave an increase of 10.36% and 
even 50%)WW recorded 4.75% more seed yield over GW showing the utility of 
wastewater for the purpose of irrigation. The fertilizer treatments also showed 
similar trend as noted in other parameters. Thus, P30 was the optimum dose giving 
positive effect on yield. It was at par with P40 which showed luxury consumption 
and P20 was the deficient dose among the P doses. The increase recorded in seed 
yield with P30 was 17.23%) over PQ. 1 0 0 % W W in combination with P30 proved 
optimum and at par with 100% WWXP40. It may also be noted that like seed 
number, GWXP20 was at par with 100%WWxPo. Similarly GWXP40, GWXP30 and 
100%WWXP2O were at par. 
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Table 71. Effect of GW, 50%WW and 100%WW on (a) seed yield plant'' (g) and 
biological yield plant'' (g) of Spinecea oleracea cv. Kaveri with four levels 
of phosphorus. 
(a) Po 
P20 
P30 
P40 
Mean 
(b) Po 
P20 
P30 
P40 
Mean 
Water 
Phosphorus 
Interaction 
GW 
4.675 
4.875 
5.202 
5.214 
4.992 
GW 
14.11 
14.51 
15.28 
15.25 
14.79 
Seed 
50% WW 
4.758 
4.997 
5.574 
5.587 
5.229 
yield plant'' 
100% WW 
4.862 
5.187 
5.983 
6.002 
5.509 
Biological yield plant'' 
50% WW 
14.22 
14.83 
16.15 
16.18 
15.35 
CD at 5% 
Seed yield plant'' 
0.070 
0.060 
0.121 
100% WW 
14.46 
15.16 
16.79 
16.85 
15.81 
r 
Mean 
4.765 
5.020 
5.586 
5.601 
Mean 
14.26 
14.83 
16.07 
16.09 
Biological yield plant'' 
0.023 
0.020 
0.040 
N.B.: Subscript values denote the amount of phosphorus (P) in kg ha'. A uniform dose of N 
and K was also applied basally. 
Experimental Results 
4.4.3.5 Biological yield plant'' 
It showed an increase of 6.90% with 100%WW and 3.79% with 50% WW 
over GW further highlighting the use of wastewater in crop production (Table 
71b). Biological yield was also increased with phosphorus application. Thus an 
increase of 12.69% over PQ was observed under P30. The higher dose (P40) proved 
wasteful while the lower dose (P20) was less effective. Among the interactions, 
100%WWxP4o was at par with 100% WWxPso-
4.5 Experiment V (Fenugreek) 
This experiment was conducted with the aim to obtain best cutting time and 
economical as well as effective combination of NPK applied with wastewater 
which may be suggested to local farmers. Keeping in mind the above objective the 
present study was designed. For this purpose optimum doses obtained earlier in I 
and III experiments (fenugreek) and a control with no fertilizers in six 
combinations were taken. Growth and physiological parameters were recorded and 
studied at 4 cuttings while yield and its attributes, protein and carbohydrate 
contents at harvest. Only the significant data are described briefly below : 
4.5.1 Growth parameters 
Because the cuttings were studied at four stages, therefore, only the shoot 
fresh weight plant'', shoot dry weight plant'' and leaf number plant'' were 
recorded (Tables 72 to 74) 
4.5.1.1 Shoot fresh weight plant'' 
Irrigation with 100%WW proved beneficial in enhancing this important 
parameter as the crop was a leafy vegetable and marketed for fresh leaves (Table 
72). It recorded 11.99%, 8.77%, 13.17% and 3.16% more fresh weight at four 
cuttings respectively over 50% diluted water indicating no need of dilution. 
N10P40K40 proved optimum showing the importance of three essential 
macronutrients. It may be noted that presence of nitrogen alone (NIOPQKO) was 
responsible for 15.44%, 8.90%, 16.32% and 13.70% increase over NQPOKO. Shoot 
fresh weight decreased from First to second cutting then it increased up to third 
cutting and finally decreased. Among interactions, 100%WWxNioP4oK4o proved 
optimum as it was at par with 100%WWxNioP6oK4o and gave an increase of 
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Table 72. Effect of 50%WW and 100%WW on shoot fresh weight plant"' (g) of 
Trigonellafoenum^aecum cv. Desi with different nutrients treatment. 
Treatments 
NoPoKo 
NIOPQKO 
N10P40K0 
NioPeoKo 
N10P40K40 
N10P60K40 
Mean 
NoPoKo 
NIOPQKO 
N10P40K0 
NioPeoKo 
N10P40K40 
N10P60K40 
Mean 
NoPoKo 
NioPoKo 
N,oP4oKo 
N10P60K0 
N10P40K40 
N10P60K40 
Mean 
NoPoKo 
NioPoKo 
N10P40K0 
N10P60K0 
N10P40K40 
N10P60K40 
Mean 
Water 
Fertilizer 
Interaction 
50% WW 
7.62 
9.24 
10.35 
10.47 
13.16 
13.22 
10.68 
6.26 
6.96 
9.17 
9.25 
12.85 
12.98 
9.58 
7.96 
9.64 
10.99 
11.06 
13.60 
13.69 
11.16 
5.97 
6.79 
9.31 
9.34 
10.80 
10.87 
8.85 
30 DAS 
0.214 
0.123 
0.302 
30 DAS 
100% WW 
8.96 
9.89 
11.42 
11.50 
14.92 
15.06 
11.96 
45 DAS 
6.78 
7.24 
9.97 
10.06 
14.21 
14.28 
10.42 
60 DAS 
9.32 
10.45 
11.93 
12.02 
15.97 
16.06 
12.63 
75 DAS 
6.15 
6.98 
9.66 
9.74 
11.11 
11.13 
9.13 
CD at 5% 
45 DAS 60 DAS 
0.181 0.194 
0.105 0.112 
0.256 0.275 
Mean 
8.29 
9.57 
10.89 
10.99 
14.04 
14.14 
6.52 
7.10 
9.57 
9.66 
13.53 
13.63 
8.64 
10.05 
11.46 
11.54 
14.79 
14.88 
6.06 
6.89 
9.49 
9.54 
10.96 
11.00 
75 DAS 
0.095 
0.055 
NS 
N.B.: Subscript values denote the amount of nutrients in kg ha'. NS = Non significant. 
Experimental Results 
95.80%, 127.00% and 100.63% at first, second and third cuttings when compared 
with 50%WWx NoPoKo. The combination 100%WWxNoPoKo gave an increase of 
17.59%, 8.31% and 17.09% at three cuttings over 50%WWxNoPoKo showing the 
effectivity of 100%)WW. Therefore out of the twelve interactions the combination 
of 100%)WW with the dose having three nutrients at their optimum (N10P40K40) 
proved most effective. 
4.5.1.2 Shoot dry weight plant"' 
On the lines of fresh weight significant increase in shoot dry weight was 
also recorded with 100%WW (Table 73). The effect of fertilizer treatments was 
same as shoot fresh weight where N10P40K40 was the optimum dose. Among 
interactions, 100%)WWxNioP4oK4o proved optimum as it was at par with 
100%WWxNioP6oK4o-The higher dose of phosphorus (Peo) was not effective as it 
could not enhance the dry weight irrespective of water concentration and 
potassium. This observation was based on the basis of the statistically equal values 
obtained under 100%WWxN,oP6oK4o and 100%WWxNioP4oK4o; 50%WWx 
N10P60K40 and 50%WWxNioP4oK4o; 100%WWxNioP6oKo and 100%WWx 
N10P40K0; 50%WWxNioP6oKo and 50% WWXN10P40K0 at third cutting while at 
other cutting also more or less similar observations were noted. 
4.5.1.3 Leaf number plant' 
100%WW proved better in this parameter also (Table 74). The doses of N 
and P proved optimum in experiments I and III also proved good in experiment V 
thus the combination N10P40K40 proved best. It was further confirmed when 
N10P40K0 and N10P60K0 proved equally effective. It also proved the role of K in 
leaf production as the doses having K40 were better than the doges with KQ. Among 
the combinations, 100%WWxNioP4oK4o and 100%WWxNioP6oK4o were at par at 
first two cuttings. 100%WWXNQPOKO was statistically equal with 50%WWx 
NioPoKo showing more availability of nitrogen from the raw wastewater. It may be 
noted that the four combinations having three nutrients together proved more 
effective than the remaining eight combinations where one or the other nutrient 
out of the NPK was absent. 
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Table 73. Effect of 50%WW and 100%WW on shoot dry weight plant"' (g) of 
Trigonellafoenum-graecum cv. Desi with different nutrients treatment. 
Treatments 
NoPoKo 
NioPoKo 
N10P40K0 
NioPeoKo 
N10P40K40 
N10P60K40 
50% WW 
1.97 
2.25 
2.54 
2.58 
3.25 
3.29 
30 DAS 
100% WW 
2.34 
2.46 
2.83 
2.86 
3.69 
3.73 
Mean 
2.16 
2.36 
2.69 
2.72 
3.47 
3.51 
Mean 2.65 2.99 
45 DAS 
NoPoKo 
NioPoKo 
N,oP4oKo 
NioPeoKo 
N10P40K40 
N10P60K40 
1.68 
1.88 
2.28 
2.32 
3.20 
3.24 
1.79 
1.91 
2.48 
2.50 
3.53 
3.56 
1.74 
1.90 
2.38 
2.41 
3.37 
3.40 
Mean 2.43 2.63 
60 DAS 
NoPoKo 
NioPoKo 
N,oP4oKo 
N,oP6oKo 
N10P40K40 
N10P60K40 
2.05 
2.45 
2.74 
2.75 
3.45 
3.51 
2.37 
2.67 
2.93 
2.99 
3.94 
3.91 
2.21 
2.56 
2.84 
2.87 
3.70 
3.71 
Mean 2.83 3.14 
75 DAS 
NoPoKo 
NioPoKo 
N10P40K0 
N,oP6oKo 
N10P40K40 
N10P60K40 
1.51 
1.73 
2.30 
2.34 
2.72 
2.77 
1.57 
1.79 
2.39 
2.42 
2.76 
2.76 
1.54 
1.76 
2.35 
2.38 
2.74 
2.77 
Mean 
Water 
Fertilizer 
Interaction 
2.23 
30 DAS 
0.076 
0.044 
0.107 
2.28 
CD at 5% 
45 DAS 
0.065 
0.038 
0.092 
60 DAS 
0.066 
0.038 
0.093 
75 DAS 
0.058 
0.034 
NS 
Table 74. Effect of 50%WW and 100%WW on leaf number plant"' of Trigomlla 
foenum-graecum cv. Desi with different nutrients treatment. 
Treatments 
NoPoKo 
NioPoKo 
N,oP4oKo 
NioPeoKo 
N10P40K40 
N10P60K40 
Mean 
NoPoKo 
NioPoKo 
N10P40K0 
N10P60K0 
N10P40K40 
N10P60K40 
Mean 
NoPoKo 
NioPoKo 
N10P40K0 
N10P60K0 
N10P40K40 
N10P60K40 
Mean 
NoPoKo 
NioPoKo 
N10P40K0 
N10P60K0 
N10P40K40 
N10P60K40 
Mean 
Water 
Fertilizer 
Interaction 
50% WW 
35.09 
38.92 
48.08 
48.68 
63.35 
63.94 
49.68 
48.69 
53.75 
63.08 
63.45 
75.76 
76.11 
63.47 
56.19 
61.39 
68.18 
68.81 
77.53 
78.16 
68.38 
27.71 
32.06 
39.91 
40.48 
56.43 
57.10 
42.28 
30 DAS 
0.966 
0.558 
1.366 
30 DAS 
100% WW 
37.85 
42.55 
52.20 
52.57 
69.42 
69.82 
54.07 
45 DAS 
53.20 
57.13 
67.55 
67.85 
87.93 
88.46 
70.35 
60 DAS 
60.30 
66.97 
74.31 
74.56 
82.04 
82.37 
73.43 
75 DAS 
30.94 
36.23 
43.92 
43.84 
60.71 
60.85 
46.08 
CD at 5% 
45 DAS 60 DAS 
0.911 0.889 
0.526 0.513 
1.288 NS 
Mean 
36.47 
40.74 
50.14 
50.63 
66.39 
66.88 
50.95 
55.44 
65.32 
65.65 
81.85 
82.29 
58.25 
64.18 
71.25 
71.69 
79.79 
80.27 
29.33 
34.15 
41.92 
42.16 
58.57 
58.98 
75 DAS 
0.768 
0.443 
NS 
N.B.: Subscript values denote the amount of nutrients in kg ha . NS = Non significant. 
Experimental Results 
4.5.2 Physiological parameters 
It includes total chlorophyll content, NR activity, CA activity, NPK 
contents, photosynthetic parameters recorded at 30, 45, 60 and 75 DAS (Table 75 
to 83). 
4.5.2.1 Total chlorophyll content 
Irrigation with 100%WW increased it over 50%WW (Table 75). The 
increase recorded with the former treatment was 4.04%, 4.66%, 4.65% and 4.43% 
over latter at four cuttings respectively. The fertilizer dose, N10P40K40 proved best 
as the treatment having Peo could not enhance the chlorophyll. NioPoKo, N10P40K0, 
NioPeoKo proved deficient due to absence of one or other nutrient. Chlorophyll 
content also increased from I to III cuttings and then decreased at IV. Significant 
interactions were observed at the II, III and IV stages. Thus, 100%WWxNioP4oK4o 
proved optimum being at par with ]00%WWxNioP6oK4o proving that P40 is 
sufficient dose. Also 50%WWx N10P40K40 and 50%WWxNioP6oK4o; 100%WWx 
N10P60K0 and 100%WWx N10P40K0 and 50% WWxNioPeoKo and 50%WWx 
N10P40K0 were statistically equal at II to IV cuttings. 
4.5.2.2 Leaf NR activity 
Like chlorophyll content, NR activity was also increased with 100%WW 
application (Table 76). The increase recorded was 3.40%), 3.29%), 3.91% and 
3.93% over 50%WW at four cuttings, respectively. The fertilizer dose N10P40K40 
proved best as it was at par with NioPeoIQo showing luxury consumption of 
phosphorus. N10P40K0 and NioPeoKo were also at par and were comparatively less 
effective due to the absence of K while N10P0K.0 showed the lower value due to the 
absence of P and K. The enzyme activity increased up to third cutting and then 
decreased. Among interactions the four combinations of both doses of P and the 
two concentration of wastewater proved more effective. In rest of eight 
combinations either one, two or the three (NPK) nutrients were missing thereby 
showing comparatively poor effect on NR activity at the four cuttings. 
4.5.2.3 CA activity 
Irrigation with 100%WW significantly enhanced the CA activity at all four 
cuttings (Table 77). Among fertilizer doses, N10P40K40 proved best and it gave an 
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Table 75. Effect of 50%WW and 100%WW on total chlorophyll content (mg g'' fresh 
weight) of Trigonella foenum-graecum cv. Desi with different nutrients 
treatment. 
Treatments 30 DAS 
50% WW 100% WW Mean 
NoPoKo 1.739 1.832 1.786 
NioPoKo 1.821 1.896 1.859 
N10P40K0 2.004 2.087 2.046 
N10P60K0 2.008 2.095 2.052 
N10P40K40 2.151 2.222 2.187 
N10P60K40 IT62 2233 2.198 
Mean L981 2^061 
45 DAS 
NoPoKo 
NioPoKo 
N,oP4oKo 
N10P60K0 
N10P40K40 
N10P60K40 
1.842 
1.900 
2.092 
2.097 
2.340 
2.344 
1.909 
1.994 
2.185 
2.191 
2.462 
2.467 
1.876 
1.947 
2.139 
2.144 
2.401 
2.406 
Mean 2.103 2.201 
60 DAS 
NoPoKo 
NioPoKo 
N,oP4oKo 
N10P60K0 
N10P40K40 
N10P60K40 
2.027 
2.211 
2.397 
2.402 
2.582 
2.584 
2.218 
2.324 
2.483 
2.490 
2.668 
2.678 
2.123 
2.268 
2.440 
2.446 
2.625 
2.631 
Mean 2.367 2.477 
75 DAS 
NoPoKo 
NioPoKo 
N,oP4oKo 
N10P60K0 
N10P40K40 
N10P60K40 
1.599 
1.648 
1.817 
1.814 
2.037 
2.061 
1.656 
1.697 
1.905 
1.914 
2.147 
2.140 
1.628 
1.673 
1.861 
1.864 
2.092 
2.101 
Mean 
Water 
Fertilizer 
Interaction 
1.829 
30 DAS 
0.029 
0.017 
NS 
1.910 
CD at 5% 
45 DAS 
0.009 
0.005 
0.013 
60 DAS 
0.011 
0.006 
0.016 
75 DAS 
0.018 
0.010 
0.025 
N.B.: Subscript values denote the amount of nutrients in kg ha' . NS = Non significant. 
Table 76. Effect of 50%WW and 100%WW on leaf NR activity (^ mol g'' leaf fresh 
weight h'') of Trigonella foenum-graecum cv. Desi with different nutrients 
treatment. 
Treatments 
NoPoKo 
NioPoKo 
N,oP4oKo 
N,oP6oKo 
N10P40K40 
N10P60K40 
Mean 
NoPoKo 
NioPoKo 
N10P40K0 
NioPeoKo 
N10P40K40 
N10P60K40 
Mean 
NoPoKo 
NioPoKo 
N10P40K0 
N10P60K.0 
N10P40K40 
N10P60K40 
Mean 
NoPoKo 
NioPoKo 
N,oP4oKo 
N,oP6oKo 
N10P40K40 
N10P60K40 
Mean 
Water 
Fertilizer 
Interaction 
50% WW 
478.08 
499.04 
551.39 
550.84 
574.43 
576.05 
538.31 
495.38 
510.48 
570.34 
569.67 
598.07 
598.85 
557.13 
571.88 
587.19 
644.77 
644.10 
687.87 
687.48 
637.22 
441.85 
464.97 
513.29 
511.90 
550.75 
552.26 
505.84 
30 DAS 
3.069 
1.772 
4.341 
30 DAS 
100% WW 
500.45 
525.69 
567.16 
569.61 
588.28 
588.45 
556.61 
45 DAS 
514.86 
536.19 
584.92 
588.14 
614.05 
614.56 
575.45 
60 DAS 
589.96 
614.21 
670.25 
673.12 
710.98 
714.30 
662.14 
75 DAS 
467.23 
489.44 
533.47 
537.01 
563.22 
563.88 
525.71 
CD at 5% 
45 DAS 60 DAS 
2.405 2.805 
1.389 1.620 
3.402 3.967 
Mean 
489.27 
512.37 
559.28 
560.23 
581.36 
582.25 
505.12 
523.34 
577.63 
578.91 
606.06 
606.71 
580.92 
600.70 
657.51 
658.61 
699.43 
700.89 
454.54 
477.21 
523.38 
524.46 
556.99 
558.07 
75 DAS 
1.874 
1.082 
2.650 
N.B.: Subscript values denote the amount of nutrients in kg ha' 
Table 77. Effect of 50%WW and 100%WW on carbonic anhydrase activity [mol 
(CO2) kg"' (leaf fresh mass) s"'] of Trigonella foenum-graecum cv. Desi with 
different nutrients treatment. 
Treatments 
NoPoKo 
NIOPQKO 
N,oP4oKo 
N10P60K0 
N10P40K40 
N10P60K40 
Mean 
NoPoKo 
NioPoKo 
N,oP4oKo 
N10P60K0 
N10P40K40 
N10P60K40 
Mean 
NoPoKo 
NIOPOKQ 
N10P40K0 
N10P60K0 
N10P40K40 
N10P60K40 
Mean 
NOPQKO 
NioPoKo 
N10P40K0 
N10P60K0 
N10P40K40 
N10P60K40 
Mean 
Water 
Fertilizer 
Interaction 
50% WW 
3.71 
3.92 
4.24 
4.27 
4.58 
4.62 
4.22 
3.98 
4.13 
4.44 
4.48 
4.96 
5.02 
4.50 
4.60 
4.91 
5.45 
5.48 
5.86 
5.90 
5.37 
3.22 
3.35 
3.72 
3.76 
4.21 
4.26 
3.75 
30 DAS 
0.086 
0.050 
NS 
30 DAS 
100% WW 
3.96 
4.05 
4.49 
4.54 
4.72 
4.76 
4.42 
45 DAS 
4.15 
4.29 
4.70 
4.73 
5.14 
5.16 
4.70 
60 DAS 
4.87 
5.16 
5.68 
5.71 
6.06 
6.08 
5.59 
75 DAS 
3.39 
3.58 
3.94 
4.01 
4.61 
4.55 
4.01 
CD at 5% 
45 DAS 60 DAS 
0.085 0.065 
0.049 0.038 
NS NS 
Mean 
3.84 
3.99 
4.37 
4.41 
4.65 
4.69 
4.07 
4.21 
4.57 
4.61 
5.05 
5.09 
4.74 
5.04 
5.57 
5.60 
5.96 
5.99 
3.31 
3.47 
3.83 
3.89 
4.41 
4.41 
75 DAS 
0.104 
0.060 
NS 
N.B.: Subscript values denote the amount of nutrients in kg ha . NS = Non significant. 
Experimental Results 
increase of 21.09%, 24.08%, 25.74% and 33.23% over NQPOKQ. While N10P60K40 
was at par with the optimum dose. NJOPQKO, N10P40K0, NioPeoKo were less 
effective doses and the last two were at par also. Like NR activity, CA activity 
also increased up to third cutting. 
4.5.2.4 Leaf NPK contents 
4.5.2.4.1 Nitrogen 
The N content was favourably affected with 100%WW (Table 78) 
NioP4oK4o proved optimum and it was at par with NioP6oK4o- The other treatments, 
NioPoKo, N10P40K0, NioKeoKo showed comparatively lower values and later two 
doses were also statistically equal in their values. It may also be noted that 
presence of P and K in the treatments also enhanced the nitrogen uptake. Among 
the interactions, 100%WWxNioP4oK4o proved best and gave an increase of 
36.21%, 35.08% and 29.97% at second, third and fourth cuttings respectively. 
100%WWxNoPoKo was at par with 50%WWxNioPoKo at three cuttings accept the 
first one. 
4.5.2.4.2 Phosphorus 
100%)WW proved beneficial and it gave an increase of 7.96%, 6.46%) 
7.24%, and 7.33% over 50%WW at I, II, III and IV cuttings (Table 79). The two 
water treatments were critically different. N10P40K40 proved optimum as it was at 
par with N10P60K40 showing luxury consumption of P. Similarly NioPeoKo and 
N10P40K0 were at par i.e. in absence of K. The phosphorus content increased up to 
III cutting and then decreased. Among interactions, N10P40K40 was at par with 
N10P60K40 at four samplings irrespective of wastewater concentration. 
4.5.2.4.3 Potassium 
Application of 100%WW also enhanced the K content as it showed an 
increase of 3.17%, 3.09%, 3.21% and 2.33% over 50%WW (Table 80). Among the 
fertilizer doses, N10P40K40 proved best and it gave significant increase over NQPOKO 
and N10P60K40 was equally effective. The treatments without K expectedly 
recorded lower potassium content throughout the growth period. It may also be 
noted that P doses also enhanced the K content as NioPeoKo and N10P40K0 were at 
par and recorded more K content than NIQPOKO and NQPOKQ. K content also 
93 
i 
Table 78. Effect of 50%WW and 100%WW on nitrogen content (%) of Trigonella 
foenum-graecum cv. Desi with different nutrients treatment. 
Treatments 
NoPoKo 
NioPoKo 
N,oP4oKo 
NioPeoKo 
N10P40K40 
N10P60K40 
Mean 
NoPoKo 
NioPoKo 
N,oP4oKo 
N10P60K0 
N10P40K40 
N10P60K40 
Mean 
NoPoKo 
NIOPQKO 
N10P40K0 
NioPeoKo 
N10P40K40 
N10P60K40 
Mean 
NoPoKo 
NioPoKo 
N10P40K0 
NioPeoKo 
N10P40K40 
N10P60K40 
Mean 
Water 
Fertilizer 
Interaction 
50% WW 
3.29 
3.42 
3.81 
3.83 
4.13 
4.16 
3.77 
3.48 
3.63 
4.22 
4.24 
4.57 
4.58 
4.12 
4.19 
4.35 
4.85 
4.86 
5.51 
5.50 
4.88 
3.07 
3.13 
3.47 
3.48 
3.84 
3.87 
3.48 
30 DAS 
0.036 
0.021 
NS 
30 DAS 
100% WW 
3.44 
3.59 
3.99 
4.01 
4.28 
4.30 
3.94 
45 DAS 
3.67 
3.92 
4.39 
4.40 
4.74 
4.75 
4.31 
60 DAS 
4.37 
4.64 
5.08 
5.09 
5.66 
5.69 
5.09 
75 DAS 
3.15 
3.27 
3.69 
3.68 
3.99 
3.99 
3.63 
CD at 5% 
45 DAS 60 DAS 
0.028 0.030 
0.016 0.018 
0.040 0.043 
Mean 
3.37 
3.51 
3.90 
3.92 
4.21 
4.23 
3.58 
3.78 
4.31 
4.32 
4.66 
4.67 
4.28 
4.50 
4.97 
4.98 
5.59 
5.60 
3.11 
3.20 
3.58 
3.58 
3.92 
3.93 
75 DAS 
0.024 
0.014 
0.034 
N.B.: Subscript values denote the amount of nutrients in kg ha . NS = Non significant. 
Table 79. Effect of 50%WW and 100%WW on phosphorus content (%) of Trigonella 
foenum-graecum cv. Desi with different nutrients treatment. 
Treatments 
NoPoKo 
NioPoKo 
N,oP4oKo 
N.oPeoKo 
N10P40K40 
N10P60K40 
Mean 
NoPoKo 
NioPoKo 
N10P40K.0 
N10P60K0 
N10P40K40 
N10P60K40 
Mean 
NoPoKo 
NioPoKo 
N10P40K0 
N10P60K0 
N10P40K40 
N10P60K40 
Mean 
NoPoKo 
NioPoKo 
N,oP4oKo 
NioPeoKo 
N10P40K40 
N10P60K40 
Mean 
Water 
Fertilizer 
Interaction 
50% WW 
0.358 
0.379 
0.433 
0.434 
0.480 
0.479 
0.427 
0.385 
0.396 
0.449 
0.457 
0.528 
0.520 
0.456 
0.432 
0.446 
0.509 
0.519 
0.582 
0.579 
0.511 
0.331 
0.343 
0.382 
0.393 
0.421 
0.424 
0.382 
30 DAS 
0.010 
0.006 
0.014 
30 DAS 
100% WW 
0.382 
0.394 
0.464 
0.474 
0.520 
0.531 
0.461 
45 DAS 
0.398 
0.412 
0.486 
0.491 
0.564 
0.580 
0.489 
60 DAS 
0.449 
0.454 
0.552 
0.552 
0.622 
0.634 
0.544 
75 DAS 
0.345 
0.359 
0.414 
0.413 
0.462 
0.468 
0.410 
CD at 5% 
45 DAS 60 DAS 
0.012 0.009 
0.007 0.005 
0.016 0.013 
Mean 
0.370 
0.387 
0.449 
0.454 
0.500 
0.505 
0.392 
0.404 
0.468 
0.474 
0.546 
0.550 
0.441 
0.450 
0.531 
0.536 
0.602 
0.607 
0.338 
0.351 
0.398 
0.403 
0.442 
0.446 
75 DAS 
0.010 
0.006 
0.014 
N.B.: Subscript values denote the amount of nutrients in kg ha' 
Table 80. Effect of 50%WW and 100%WW on potassium content (%) of Trigonella 
foenum^raecum cv. Desi with different nutrients treatment. 
Treatments 
NoPoKo 
NioPoKo 
N,oP4oKo 
N,oP6oKo 
N10P40K40 
N10P60K40 
Mean 
NoPoKo 
NioPoKo 
N,oP4oKo 
N,oP6oKo 
N10P40K40 
N10P60K40 
Mean 
NoPoKo 
NIOPQKO 
N,oP4oKo 
N,oP6oKo 
N10P40K40 
N10P60K40 
Mean 
NoPoKo 
NioPoKo 
N10P40K0 
NioPeoKo 
N10P40K40 
N10P60K40 
Mean 
Water 
Fertilizer 
Interaction 
50% WW 
3.78 
3.82 
4.11 
4.12 
4.40 
4.40 
4.11 
3.82 
3.89 
4.22 
4.23 
4.55 
4.56 
4.21 
4.56 
4.70 
5.02 
5.03 
5.31 
5.31 
4.99 
3.52 
3.59 
3.88 
3.89 
4.13 
4.14 
3.86 
30 DAS 
0.025 
0.014 
0.035 
30 DAS 
100% WW 
3.85 
3.95 
4.21 
4.22 
4.58 
4.60 
4.24 
45 DAS 
3.90 
4.00 
4.33 
4.34 
4.73 
4.74 
4.34 
60 DAS 
4.72 
4.86 
5.17 
5.17 
5.48 
5.49 
5.15 
75 DAS 
3.60 
3.68 
3.97 
3.98 
4.23 
4.24 
3.95 
CD at 5% 
45 DAS 60 DAS 
0.023 0.021 
0.013 0.012 
0.032 NS 
Mean 
3.82 
3.89 
4.16 
4.17 
4.49 
4.50 
3.86 
3.95 
4.28 
4.29 
4.64 
4.65 
4.64 
4.78 
5.10 
5.10 
5.40 
5.40 
3.56 
3.64 
3.93 
3.94 
4.18 
4.19 
75 DAS 
0.016 
0.009 
NS 
N.B.: Subscript values denote the amount of nutrients in kg ha . NS = Non significant. 
Experimental Results 
increased up to III cutting. Among interactions, 100%WWxNioP4oK4o proved 
optimum as it was at par with 100%WWxNioP6oK4o at first two cuttings. Like the 
observation in fertilizer treatments in interactions also all the four combinations 
having potassium recorded more K content than the remaining eight combinations. 
4.5.2.5 Photosynthetic parameters 
4.5.2.5.1 Photosynthetic rate 
Irrigation with 100%WW increased the photosynthetic rate (Table 81). 
Among the fertilizer doses, N10P40K40 proved optimum and it was at par with 
N10P60K40 at first and second cuttings while at third and fourth cuttings the 
optimum dose was followed by the later one. The other doses as N10P40K0, 
N10P60K0 and NIOPQKO were comparatively poor in effect. The photosynthetic rate 
increased up to third cutting. Among the interactions, 100%WWxNioP4oK4o 
proved best and it gave 41.65%, 44.09% and 64.94% more photosynthetic rate at 
first, third and fourth cutting. Photosynthesis was also more under the treatment 
having all the three nutrients (NPK) irrespective of concentration of wastewater, 
thus even under 50% WWXN10P40K40, it was 33.74% more when compared with 
50%WWxNoPoKo at first cutting while at III and IV it was 34.47% and 46.11%. 
4.5.2.5.2 Stomatal conductance 
Significant effect of wastewater application was also observed in this 
parameter(Table 82). N10P40K40 proved best as it was at par with N10P60K40 at all 
four stages. The other three doses appeared deficient in which N10P40K0 and 
N10P60K0 were statistically equal. The combination of 100%WWxNioP4oK4o 
proved good at second and third cutting. 
4.5.2.5.3 Water use efficiency 
Application of 100%WW proved effective for increasing this physiological 
parameter also (Table 83). The fertilizer dose, N10P40K40 proved best and it gave 
sufficient improvement over NQPOKQ. Out of the remaining doses, NioPeoK-o and 
N10P40K0 were at par and lower in their effect. Like photosynthetic rate and 
stomatal conductance water use efficiency was also increased upto third cutting. 
Among the interactions, 100%WWxNioP4oK4o proved best and gave an increase of 
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Table 81. Effect of 50%WW and 100%WW on photosynthetic rate (^ mol CO2 m"^ s"') 
of Trigonella foenum-graecum cv. Desi with different nutrients treatment. 
30 DAS 
1 reaimenis 
NoPoKo 
NioPoKo 
N,oP4oKo 
NioPeoKo 
N10P40K40 
N10P60K40 
50%WW 
15.68 
17.11 
18.43 
18.98 
20.97 
20.89 
100% WW 
16.99 
18.46 
19.97 
19.31 
22.21 
22.13 
Mean 
16.34 
17.79 
19.20 
19.15 
21.59 
21.51 
Mean 18.68 19.85 
45 DAS 
NoPoKo 
NioPoKo 
N,oP4oKo 
N.oPeoKo 
N10P40K40 
N10P60K40 
17.16 
18.64 
23.12 
23.49 
25.97 
26.05 
18.29 
20.35 
24.01 
24.32 
27.10 
26.97 
17.73 
19.50 
23.57 
23.91 
26.54 
26.51 
Mean 22.41 23.51 
60 DAS 
NoPoKo 
NioPoKo 
N10P40K0 
NioPeoKo 
N10P40K40 
N10P60K40 
22.86 
24.71 
27.86 
27.94 
30.74 
30.66 
24.50 
27.12 
28.49 
28.72 
32.94 
32.46 
23.68 
25.92 
28.18 
28.33 
31.84 
31.56 
Mean 27.46 29.04 
75 DAS 
NoPoKo 
NioPoKo 
N,oP4oKo 
N,oP6oKo 
N10P40K40 
N10P60K40 
10.41 
12.33 
13.64 
13.71 
15.21 
15.14 
11.71 
13.24 
14.72 
14.79 
17.17 
17.04 
11.06 
12.79 
14.18 
14.25 
16.19 
16.09 
Mean 
Water 
Fertilizer 
Interaction 
13.41 
30 DAS 
0.146 
0.084 
0.207 
14.78 
CD at 5% 
45 DAS 
0.699 
0.404 
NS 
60 DAS 
0.123 
0.071 
0.174 
. - 1 -KTO -VT 
75 DAS 
0.081 
0.047 
0.115 
Table 82. Effect of 50%WW and 100%WW on stomatal conductance (m mol m"^s"') 
of Trigonella foenum-graecum cv. Desi with different nutrients treatment. 
~Z '. '. 30 DAS 
ircaimcms 
NoPoKo 
NioPoKo 
N10P40K0 
N,oP6oKo 
N10P40K40 
N10P60K40 
50% WW 
0.326 
0.345 
0.375 
0.372 
0.408 
0.416 
100% WW 
0.342 
0.360 
0.386 
0.392 
0.431 
0.427 
Mean 
0.334 
0.353 
0.381 
0.382 
0.420 
0.422 
Mean 0.374 0.390 
45 DAS 
NoPoKo 
NIOPQKO 
N,oP4oKo 
NioPeoKo 
N10P40K40 
N10P60K40 
0.345 
0.367 
0.402 
0.405 
0.438 
0.440 
0.363 
0.385 
0.409 
0.411 
0.453 
0.455 
0.354 
0.376 
0.406 
0.408 
0.446 
0.448 
Mean 0.400 0.413 
60 DAS 
NoPoKo 
NioPoKo 
N10P40K0 
NioPeoKo 
N10P40K40 
N10P60K40 
0.396 
0.424 
0.447 
0.450 
0.477 
0.480 
0.409 
0.439 
0.457 
0.458 
0.502 
0.503 
0.403 
0.432 
0.452 
0.454 
0.490 
0.492 
Mean 0.446 0.461 
75 DAS 
NoPoKo 
NioPoKo 
N10P40K0 
N,oP6oKo 
N10P40K40 
N10P60K40 
0.215 
0.242 
0.266 
0.264 
0.278 
0.282 
0.236 
0.260 
0.278 
0.275 
0.297 
0.298 
0.226 
0.251 
0.272 
0.270 
0.288 
0.290 
Mean 
Water 
Fertilizer 
Interaction 
0.258 
30 DAS 
0.007 
0.004 
NS 
0.274 
CD at 5% 
45 DAS 
0.004 
0.002 
0.006 
60 DAS 
0.004 
0.002 
0.006 
75 DAS 
0.005 
0.003 
NS 
N.B.: Subscript values denote the amount of nutrients in kg ha^ NS = Non significant. 
Table 83. Effect of 50%WW and 100%WW on water use efficiency (\i mol mol'') of 
Trigonella foenum-graecum cv. Desi with different nutrients treatment. 
Treatments 
NoPoKo 
N.oPoKo 
N,oP4oKo 
N10P60K0 
N10P40K40 
N10P60K40 
Mean 
NoPoKo 
NioPoKo 
NjoP4oKo 
N10P60K0 
N10P40K40 
N10P60K40 
Mean 
NoPoKo 
NIOPQKO 
N,oP4oKo 
N10P60K0 
N10P40K40 
N10P60K40 
Mean 
NoPoKo 
NioPoKo 
N10P40K0 
NioPeoKo 
N10P40K40 
N10P60K40 
Mean 
Water 
Fertilizer 
Interaction 
50%WW 
48.09 
49.59 
48.57 
50.37 
51.40 
50.27 
49.72 
49.74 
50.80 
58.06 
57.30 
59.98 
57.89 
55.63 
57.64 
58.22 
61.98 
62.00 
64.41 
64.22 
61.41 
48.29 
50.71 
51.80 
52.02 
54.32 
53.67 
51.80 
30 DAS 
1.279 
0.738 
NS 
30 DAS 
100% WW 
49.69 
51.25 
51.53 
52.91 
52.21 
51.27 
51.48 
45 DAS 
50.39 
52.86 
59.44 
58.05 
60.50 
59.75 
56.83 
60 DAS 
60.04 
61.79 
63.03 
62.44 
65.26 
64.89 
62.91 
75 DAS 
49.62 
50.92 
53.45 
53.81 
57.51 
57.21 
53.75 
CD at 5% 
45 DAS 60 DAS 
0.594 0.605 
0.343 0.349 
0.840 0.856 
Mean 
48.89 
50.42 
50.05 
51.64 
51.81 
50.77 
50.07 
51.83 
58.75 
57.68 
60.24 
58.82 
58.84 
60.01 
62.51 
62.22 
64.84 
64.56 
48.96 
50.82 
52.63 
52.92 
55.92 
55.44 
75 DAS 
0.853 
0.493 
1.207 
N.B.: Subscript values denote the amount of nutrients in kg ha''.NS = Non significant. 
Experimental Results 
21.63% and 13.22% and 19.09% at second, third and fourth cutting over 
50%WWx NoPoKo. 
4.5.3 Yield and quality parameters 
These parameters were noted at harvest included pod number plant' , pod 
length, seed number pod' , 1000 seed weight, seed yield plant"', biological yield 
plant'', seed protein content and seed carbohydrate content at harvest. Only the 
significant data were briefly described (Tables 84 to 86). 
4.5.3.1 Pod number plant' 
Pod production increased with 100%WW (Table 84a). It was enhanced by 
1.59%) over 50%)WW. The treatment, N10P40K40 was optimum giving an increase 
of 13.17%o over control. N10P60K40 was at par with the optimum dose and the other 
treatments were less effective may be due to the absence of one or the other 
nutrient thereby showing the importance of the three essential macro nutrients in 
pod production. The combination 100%oWWxNioP4oK4o was optimum and it was at 
par with 100%)WWx N10P60K40 as Pgo proved to be at luxury consumption. 
100%)WWxNoPoKo gave an increase of 2.10%) over 50%WWxNoPoKo.lt may also be 
noted that even 50%)WW was more effective when applied along with the NPK 
doses in comparison to 100%)WW applied in absence of these nutrients. 
4.5.3.2 Pod length 
100%WW irrigation proved better than 50%)WW as it increased the pod 
length also (Table 84b). 20.13% increase was recorded with the optimum dose 
(N10P40K40) over control. The optimum dose was at par with NioPeoIQo. On the 
other hand, the other doses were poor in their effect. Among interactions, 
100%WWxNioP4oK4o was at par with 100%WWx N10P60K40 on the one hand and 
on the other it was at par with 50%)WWx N10P60K40. Similarly most of the 
interactions were equal with one another in one way or the other. 100%)WWx 
NQPOKO gave an increase of 1.75% over 50%WWxNoPoKo. 
4.5.3.3 Seed number pod'' 
This parameter showed an increase of 3.23% over 50%)WW when 
compared with 100%)WW irrigation (Table 84c). N10P40K40 proved optimum as it 
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Table 84. Effect of 50%WW and 100%WW on (a) pod number plant"', (b) pod length 
(cm), (c) seed number pod'' and (d) 1000 seed weight (g) of Trigonella foenum-
graecum cv. Desi with different nutrients treatment. 
Pod number plant" 
(a) 
1 reaimenis 
NoPoKo 
NioPoKo 
N10P40K.0 
N10P60K0 
N10P40K40 
NJ0P60K40 
50% WW 
30.96 
31.48 
33.67 
33.73 
35.12 
35.18 
100% WW 
31.61 
32.12 
34.05 
34.11 
35.69 
35.75 
Mean 
31.29 
31.80 
33.86 
33.92 
35.41 
35.47 
Mean 33.36 33.89 
Pod length 
(b) NoPoKo 
NioPoKo 
N10P40K0 
NioPeoKo 
N10P40K40 
N10P60K40 
9.16 
9.70 
10.26 
10.31 
10.98 
11.04 
9.32 
9.69 
10.74 
10.80 
11.22 
11.29 
9.24 
9.70 
10.50 
10.56 
11.10 
11.17 
Mean 10.24 10.51 
Seed number pod" 
(c) NoPoKo 
NioPoKo 
N10P40K0 
NioPeoKo 
N10P40K40 
N10P60K40 
12.55 
12.80 
13.34 
13.25 
13.98 
14.02 
12.83 
12.95 
13.85 
14.25 
14.27 
14.33 
12.69 
12.88 
13.60 
13.75 
14.13 
14.18 
Mean 13.32 13.75 
1 OOP seed weight 
(d) NQPOKO 
NioPoKo 
N,oP4oKo 
N10P60K0 
N10P40K40 
N10P60K40 
2.95 
3.18 
3.40 
3.39 
3.77 
3.77 
3.17 
3.29 
3.49 
3.54 
4.04 
4.08 
3.06 
3.24 
^ 3.45 
3.47 
3.91 
3.93 
Mean 
Water 
Fertilizer 
Interaction 
3.41 
Pod number 
plant"' 
0.104 
OMO 
0.148 
Pod length 
0.164 
0.095 
0.232 
3.60 
CD at 5% 
Seed number 
pod"' 
0.267 
0.154 
0.377 
• 1 1 -1 
1000 seed weight 
0.039 
0.023 
0.055 
Experimental Results 
was at par with N10P60K40 while N10P40K0 gave 7.17% more seed pod"' over 
control and this treatment was statistically equal with NioPeoKo was deficient. The 
other treatment N10P0KO9 was deficient although it also enhanced 1.50% more 
seeds over NQPOKQ sharing the role of nitrogen. Similarly the treatments where P 
was given in absence of K were better than the treatment where only N (NioPoKo) 
showing the role of P in seed formation. The interaction of 100%WWxNioP4oK4o 
gave an increase of 13.71% over 50%WWxNoPoKo. However, 100%WWxNoPoKo 
gave 2.23% more seeds pod'' over 50%)WWxNoPoKo proving the effectivity of 
100%WW over 50%WW. 
4.5.3.4 1000 seed weight 
100%WW proved more effective as it increased this parameter up to 5.57% 
over diluted wastewater (Table 84d). Out of the six fertilizer treatments, N10P40K40 
proved best as it increased up to 27.78% test weight over control (no fertilizer). 
1000 seed weight also increased by the NPK as indicated by the per cent increase. 
Thus NioPoKo gave 5.88% more than NQPOKQ. The interaction of 100%WW and 
the optimum dose was at par with 100%WWxNioP6oK4o. 50%WWxNioP4oK4oand 
50%WWxNioP6oK4o were also at par. Two more combinations 100%WWx 
NioPeoKo and 100%WWx N10P40K0 were statistically equal. 
4.5.3.5 Seed yield plant' 
Significant increase by 100%WW in seed yield was observed over 
50%WW (Table 85a) recording 4.86% more seeds. Similarly fertilizer doses also 
proved effective thus N10P40K40 gave 26.93% more seed yield over NQPOKQ while 
the treatment with PeQ (N10P60K40) showed luxury consumption of phosphorus. 
Nitrogen alone NIQPQKQ gave 4.04% increase, while nitrogen and phosphorus 
together N10P40KQ gave 14.01% increase and the three N1QP4QK40 recorded 26.93% 
increase when compared with NQPOKQ showing the effective role of each nutrient 
individually and together. 100%WWx N10P40K40 proved best combination. 100% 
WWXNQPQKQ gave 4.30%) more seed yield over 50%WWxNoPoKo indicating no 
wastewater dilution which is a prevalent practice at Aligarh from where the water 
samples were collected. 
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Table 85. Effect of 50%WW and 100%WW on (a) seed yield plant"' (g) and 
(b) biological yield plant'' (g) of Trigonella foenum-graecum cv. Desi with 
different nutrients treatment. 
Treatments 
(a) NoPoKo 
NioPoKo 
N,oP4oKo 
NioPeoKo 
N10P40K40 
N]oP6oK40 
Mean 
(b) NoPoKo 
NioPoKo 
N,oP4oKo 
N,oP6oKo 
N10P40K40 
N10P60K40 
Mean 
Water 
Fertilizer 
Interaction 
50%WW 
2.886 
3.007 
3.297 
3.302 
3.626 
3.633 
3.292 
7.84 
8.12 
8.78 
8.80 
9.19 
9.18 
8.65 
Seed yield plant 
0.012 
0.007 
0.017 
Seed yield plant" 
100% WW 
3.010 
3.126 
3.425 
3.432 
3.857 
3.862 
3.452 
Biological yield 
8.01 
8.40 
8.89 
8.91 
9.64 
9.63 
8.91 
CD at 5% 
•' ] 
I 
Mean 
2.948 
3.067 
3.361 
3.367 
3.742 
3.748 
7.93 
8.26 
8.84 
8.86 
9.42 
9.41 
Biological yield 
0.056 
0.032 
0.079 
N.B.: Subscript values denote the amount of nutrients in kg ha" 
Experimental Results 
4.5.3.6 Biological yield plant"' 
Irrigation with 100%WW gave 3.01% more biological yield over 50%WW 
(Table 85b). N10P40K40 proved best as it was at par with N10P60K40 and the 
optimum dose gave 18.79% increase over NQPOKQ. The treatments NioPeoKoand 
N10P40K0 closely followed the optimum dose as the former dose recorded 11.73% 
and the latter dose 11.48% increase over NoPoKo.The combination of 100%WWx 
N10P40K40 proved optimum as it was at par with 100%WWxNioP6oK4o. It may also 
be pointed out that 100%WWXNQPOKO was better by 2.17% over 50%WWxNoPoKo 
confirming the earlier observations about the dilution of wastewater. 
4.5.3.7 Seed protein content 
Application of 100%WW proved better and it recorded 3.67% increase 
over 50%WW (Table 86a). Among fertilizer doses, N10P40K40 proved optimum 
and gave 7.91% more seed protein content over NQPOKQ and the former dose was at 
par with NioPeoIQo. NioPeoKo and N10P40K0 were also at par. Among the 
interactions, 100%WWxNioP4oK4o proved best and it was at par with 100%WWx 
N10P60K40. 100%WW without any fertilizer dose gave 1.38% increase over 
50%WWxNoPoKo. 
4.5.3.8 Seed carbohydrate content 
Significant increase was recorded (Table 86b) by 100%WW which gave 
2.69% more carbohydrate over 50%WW. The fertilizer dose, N10P40K40 proved 
best as it gave significant increase over control. Effect of other fertilizer doses was 
same as noted in seed protein content. Among interactions, 100%oWWxNioP4oK4o 
and 100%WWxNioP6oK4o; 50%WWxNioP4oKo and 50%WWxNioP6oKo; 
100%WWxNioP4oKo and 100%WWx NioPeoKo were equally effective with each 
other, therefore 100%WWx N10P40K40 was the best combination of wastewater and 
fertilizer. 
4.6 Experiment VI (Spinach) 
In this experiment also the same two levels of wastewater (100%WW and 
50%WW) were interacted with two levels of nitrogen (No, N40), three levels of 
phosphorus (Po, P30, P40) and two levels of potassium (Ko, K3o)in six combinations. 
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Table 86. Effect of 50%WW and 100%WW on (a) seed protein content (%) and (b) 
seed carbohydrate content (%) of Trigonella foenum-graecum cv. Desi with 
different nutrients treatment. 
Seed protein content 
1 rcaimcms 
NoPoKo 
NioPoKo 
N10P40K0 
NioPeoKo 
N10P40K40 
N10P60K40 
50% WW 
23.84 
23.99 
24.53 
24.55 
25.14 
25.12 
100% WW 
24.17 
24.43 
25.26 
25.32 
26.67 
26.75 
Mean 
24.01 
24.21 
24.90 
24.94 
25.91 
25.94 
(a) 
Mean 24.53 25.43 
Seed carbohydrate content 
(b) NoPoKo 
NioPoKo 
N10P40K0 
N10P60K0 
N10P40K40 
N10P60K40 
41.32 
41.49 
42.04 
42.04 
43.52 
43.46 
42.41 
42.85 
43.06 
43.14 
44.58 
44.65 
41.87 
42.17 
42.55 
42.59 
44.05 
44.06 
Mean 
Water 
Fertilizer 
Interaction 
42.31 43.45 
CD at 5% 
Seed protein content Seed carbohydrate content 
0.071 0.084 
0.041 0.048 
0.100 0.118 
N.B.: Subscript values denote the amount of nutrients in kg ha' 
Experimental Results 
Growth and physiological parameters were recorded at four cuttings and yield 
attributes at harvest. Only the significant data were described briefly below: 
4.6.1 Growth parameters 
Only shoot fresh weight plant"', shoot dry weight plant"', leaf number 
plant'' and leaf area plant"' were observed (Tables 87 to 90). 
4.6.1.1 Shoot fresh weight plant"* 
Like observations made in experiment V, 100%WW proved beneficial in 
enhancing the shoot fresh weight (Table 87). In case of fertilizer, N40P30K30 
proved optimum as it was at par with N40P40K30 showing luxury consumption of P. 
The other fertilizer doses, N40P30K0, N40P40K0 were at par and deficient. N40P0K0 
recorded lower value showing the effective role of nitrogen in vegetative growth. 
Shoot fresh weight decreased from first to second cutting and increased from 
second to third. Among the interactions, 100%WWxN4oP3oK3o proved best and it 
was at par with 100%WWxN4oP4oK3o indicating the importance of N and 
wastewater for leaf fresh weight of the crop which is an important parameter 
having commercial value for marketing. 
4.6.1.2 Shoot dry weight plant"' 
100%WW also increased the shoot dry weight over 50%WW (Table 88). 
The fertilizer dose, N40P30K30 proved optimum. Out of the other doses N40P40K30 
was at par with the optimum dose. Similarly N40P30K0 and N40P40K0 were also 
statistically equal and gave lower values than the optimum dose indicating the role 
of K in enhancing the dry matter accumulation. However N40P0K0 gave the lowest 
value although increase by this dose over NQPOKQ showing the role of nitrogen. 
Among the interactions, 100%WWxN4oP3oK3o proved optimum 
4.6.1.3 Leaf number plant"* 
100%WW proved better in this parameter also (Table 89). Among fertilizer 
doses, N40P30K30 proved best as it was at par with N40P40K30. The other fertilizer 
doses, N40P30K0 proved better than N40P0K0 and the former dose was at par with 
N40P40K0 showing effective role of the three essential macronutrients in growth. 
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Table 87. Effect of 50%WW and 100%WW on shoot fresh weight plant'' (g) of 
Spinacea oleracea cv. Kaveri with different nutrients treatment. 
Treatments 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
Mean 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
Mean 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
Mean 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
Mean 
Water 
Fertilizer 
Interaction 
50% WW 
6.64 
7.94 
9.93 
9.82 
12.40 
12.29 
9.84 
5.96 
7.14 
8.71 
8.82 
11.39 
11.53 
8.93 
8.09 
9.26 
11.07 
11.20 
14.14 
14.02 
11.30 
5.51 
6.75 
8.08 
7.96 
9.97 
9.97 
8.04 
30 DAS 
0.208 
0.120 
0.294 
30 DAS 
100% WW 
7.79 
9.10 
11.24 
11.39 
13.28 
13.40 
11.03 
45 DAS 
7.02 
8.23 
10.34 
10.56 
12.41 
12.37 
10.16 
60 DAS 
9.14 
10.46 
12.78 
12.93 
15.67 
15.58 
12.76 
75 DAS 
6.69 
7.13 
9.40 
9.55 
11.20 
10.92 
9.15 
CD at 5% 
45 DAS 60 DAS 
0.285 0.252 
0.164 0.146 
0.403 0.357 
Mean 
7.22 
8.52 
10.59 
10.61 
12.84 
12.85 
6.49 
7.69 
9.53 
9.69 
11.90 
11.95 
8.62 
9.86 
11.93 
12.07 
14.91 
14.80 
6.10 
6.94 
8.74 
8.76 
10.59 
10.45 
75 DAS 
0.316 
0.183 
0.448 
N.B.: Subscript values denote the amount of nutrients in kg ha 
Table 88. Effect of 50%WW and 100%WW on shoot dry weight plant"' (g) of 
Spinacea oleracea cv. Kaveri with different nutrients treatment. 
~r~. ^ 30 DAS 
1 rcmiiiciiib 
NoPoKo 
N40P30K0 
N40P30K0 
N40P40K0 
N40P40K30 
N40P60K30 
50% WW 
1.65 
1.98 
2.40 
2.44 
3.04 
3.04 
100% WW 
1.92 
2.25 
2.79 
2.80 
3.29 
3.33 
Mean 
1.79 
2.12 
2.60 
2.62 
3.17 
3.19 
Mean 2.43 2.73 
45 DAS 
NoPoKo 
N40P30K0 
N40P30K0 
N40P40K0 
N40P40K.30 
N40P60K30 
1.52 
1.81 
2.27 
2.28 
2.87 
2.91 
1.77 
2.08 
2.61 
2.64 
3.15 
3.14 
1.65 
1.95 
2.44 
2.46 
3.01 
3.03 
Mean 2.28 2.57 
60 DAS 
NoPoKo 
N40P30K0 
N40P30K0 
N40P40K.0 
N40P40K30 
N40P60K30 
2.05 
2.34 
2.78 
2.79 
3.54 
3.53 
2.31 
2.64 
3.23 
3.24 
3.91 
3.90 
2.18 
2.49 
3.01 
3.02 
3.73 
3.72 
Mean 2.84 3.21 
75 DAS 
NQPOKO 
N40P30K0 
N40P30K0 
N40P40K0 
N40P40K.30 
N40P60K30 
Mean 
1.35 
1.66 
1.95 
1.96 
2.46 
2.45 
1.97 
1.65 
1.76 
2.32 
2.34 
2.71 
2.70 
2.25 
1.50 
1.71 
2.14 
2.15 
2.59 
2.58 
CD at 5% 
30 DAS 45 DAS 60 DAS 75 DAS 
Water 0.038 0.040 0.033 0.035 
Fertilizer 0.022 0.023 0.019 0.020 
Interaction 0.054 0.057 0.047 0.049 
N.B.: Subscript values denote the amount of nutrients in kg ha". 
Table 89. Effect of 50%WW and 100%WW on leaf number plant"' of Spinacea 
oleracea cv. Kaveri with different nutrients treatment. 
Treatments 
NoPoKo 
N40P30K0 
N40P30K0 
N40P40K0 
N40P40K30 
N40P60K.30 
Mean 
NoPoKo 
N40P30K0 
N40P30K0 
N40P40K0 
N40P40K30 
N40P60K30 
Mean 
NoPoKo 
N40P30K0 
N40P30K0 
N40P40K0 
N40P40K30 
N40P60K30 
Mean 
NQPOKO 
N40P30K0 
N40P30K0 
N40P40K0 
N40P40K30 
N40P60K30 
Mean 
Water 
Fertilizer 
Interaction 
50% WW 
10.31 
11.78 
15.07 
15.19 
17.39 
17.37 
14.52 
12.15 
13.92 
17.10 
17.22 
19.53 
19.46 
16.56 
17.42 
17.80 
21.06 
21.14 
23.24 
23.22 
20.65 
7.96 
8.99 
12.27 
12.97 
14.95 
14.79 
11.99 
30 DAS 
0.096 
0.055 
0.135 
30 DAS 
100% WW 
11.62 
13.94 
16.42 
16.40 
18.22 
18.35 
15.83 
45 DAS 
13.43 
15.99 
18.41 
18.35 
20.44 
20.55 
17.86 
60 DAS 
17.68 
20.27 
22.67 
22.67 
24.67 
24.75 
22.12 
75 DAS 
8.82 
10.17 
13.69 
13.35 
15.13 
15.49 
12.78 
CD at 5% 
45 DAS 60 DAS 
0.062 0.073 
0.036 0.042 
0.087 0.103 
Mean 
10.97 
12.86 
15.75 
15.80 
17.81 
17.86 
12.79 
14.96 
17.76 
17.79 
19.99 
20.01 
17.55 
19.04 
21.87 
21.91 
23.96 
23.99 
8.39 
9.58 
12.98 
13.16 
15.04 
15.14 
75 DAS 
0.314 
0.181 
0.445 
N.B.: Subscript values denote the amount of nutrients in kg ha 
Experimental Results 
4.6.1.4 Leaf area plant' 
This important growth parameter was also significantly enhanced by 
100%WW (Table 90). Among the fertilizer doses, N40P30K30 was best as it was 
equalled by N40P40K30. The other fertilizer dose N40P30K0 was also at par with 
N40P40K0 while N40P0K0 gave the lowest value. Like leaf number, leaf area was 
also influenced by the application of NPK together giving cumulative effect of the 
three nutrients. The leaf area increased up to third cutting and then decreased. 
Among the interactions, 100%WWxN4oP3oK3o proved optimum at all four cuttings. 
4.6.2 Physiological parameters 
Physiological determinations namely: total chlorophyll content, leaf NR 
activity, CA activity, leaf NPK contents and photosynthetic parameters were 
investigated on the pattern of experiment V. Only the significant data are 
described briefly as follows: 
4.6.2.1 Total chlorophyll content 
Application of 100% wastewater significantly enhanced it (Table 91) at 
four stages. The fertilizer treatments, N40P30K30 and N40P40K30 proved equally 
effective and the former treatment gave more chlorophyll content than control. 
The other fertilizer treatments, N40P30K0, N40P40K0 and N40P0K0 were deficient 
because of absence K and the first two were at par to each other also. The total 
chlorophyll content increased from first to third cutting and then decreased. 
Among the interactions, IOO%WWx N40P30K30 proved best from first to third 
cutting and it was at par with 100%WWxN4oP4oK3o. 
4.6.2.2 Leaf NR activity 
100%WW proved effective for NR activity (Table 92). Among the fertilizer 
doses, N40P30K30 proved optimum being at par with N40P40K30. NR activity 
increased from first to third cutting and then decreased. The combination of 
100%WWxN4oP3oK3o proved best as it was at par with 100%WWxN4oP4oK3o at 
first, third and fourth cutting. Most of the combinations with 100%WW recorded 
higher activity over the combinations having 50%WW at the three cuttings where 
data was significant. 
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Table 90. Effect of 50%WW and 100%WW on leaf area (cm^ plant"') of Spinacea 
oleracea cv. Kaveri with different nutrients treatment. 
Treatments 
NoPoKo 
N40P30K0 
N40P30K0 
N40P40K0 
N40P40K30 
N40P60K30 
Mean 
NoPoKo 
N40P30K0 
N40P30K0 
N40P40K0 
N40P40K30 
N40P60K30 
Mean 
NoPoKo 
N40P30K0 
N40P30K0 
N40P40K0 
N40P40K30 
N40P60K30 
Mean 
NoPoKo 
N40P30K0 
N40P30K0 
N40P40K0 
N40P40K30 
N40P60K30 
Mean 
Water 
Fertilizer 
Interaction 
50% WW 
202.12 
245.10 
299.69 
301.50 
336.73 
337.14 
287.05 
230.97 
279.95 
333.65 
336.25 
412.22 
413.15 
334.37 
366.28 
416.49 
476.25 
477.17 
546.16 
535.90 
469.71 
184.29 
219.20 
262.37 
264.12 
314.96 
315.71 
260.11 
30 DAS 
3.283 
1.896 
4.643 
30 DAS 
100%WW 
225.17 
276.35 
319.79 
321.52 
379.49 
382.10 
317.40 
45 DAS 
267.42 
298.14 
375.52 
376.37 
440.19 
443.29 
366.82 
60 DAS 
392.55 
452.45 
508.75 
511.20 
579.38 
586.61 
505.16 
75 DAS 
205.42 
250.75 
287.69 
289.88 
349.63 
352.82 
289.37 
CD at 5% 
45 DAS 60 DAS 
3.547 3.287 
2.048 1.898 
5.016 4.648 
Mean 
213.65 
260.73 
309.74 
311.51 
358.11 
359.62 
249.20 
289.05 
354.59 
356.31 
426.21 
428.22 
379.42 
434.47 
492.50 
494.19 
562.77 
561.26 
194.86 
234.98 
275.03 
277.00 
332.30 
334.27 
75 DAS 
3.454 
1.994 
4.885 
N.B.: Subscript values denote the amount of nutrients in kg ha 
Table 91. Effect of 50%WW and 100%WW on total chlorophyll content (mg g"' fresh 
weight) of Spinacea oleracea cv. Kaveri with different nutrients treatment. 
^ . . 30 DAS 
l lCilUIlClllS 
NoPoKo 
N40P30K0 
N40P30K0 
N40P40K.0 
N40P40K30 
N40P60K30 
50% WW 
1.841 
1.917 
2.041 
2.046 
2.180 
2.184 
100% WW 
1.912 
2.014 
2.124 
2.126 
2.225 
2.228 
Mean 
1.877 
1.966 
2.083 
2.086 
2.203 
2.206 
Mean 2.035 2.105 
45 DAS 
NoPoKo 
N40P30K0 
N40P30K0 
N40P40K.0 
N40P40K.30 
N40P60K30 
1.963 
2.058 
2.155 
2.156 
2.285 
2.288 
2.040 
2.136 
2.207 
2.210 
2.359 
2.360 
2.002 
2.097 
2.181 
2.183 
2.322 
2.324 
Mean 2.151 2.219 
60 DAS 
NoPoKo 
N40P30K0 
N40P30K0 
N40P40K0 
N40P40K.30 
N40P60K.30 
2.226 
2.307 
2.404 
2.405 
2.491 
2.495 
2.294 
2.381 
2.465 
2.469 
2.570 
2.571 
2.260 
2.344 
2.435 
2.437 
2.531 
2.533 
Mean 2.388 2.458 
75 DAS 
NoPoKo 
N40P30K0 
N40P30K0 
N40P40K0 
N40P40K30 
N40P60K30 
1.478 
1.720 
1.839 
1.845 
1.972 
1.978 
1.697 
1.816 
1.924 
1.929 
2.069 
2.073 
1.588 
1.768 
1.882 
1.887 
2.021 
2.026 
Mean 
Water 
Treatment 
hiteraction 
1.805 
30 DAS 
0.006 
0.003 
0.008 
1.918 
CD at 5% 
45 DAS 
0.004 
0.002 
0.005 
60 DAS 
0.004 
0.003 
0.006 
. - 1 ^ T O V T . _ 
75 DAS 
0.081 
0.047 
NS 
Table 92. Effect of 50%WW and 100%WW on leaf NR activity (|i mol g"' leaf fresh 
weight h'') of Spinacea oleracea cv. Kaveri with different nutrients treatment. 
Treatments 
NoPoKo 
N40P30K0 
N40P30K0 
N40P40K0 
N40P40K30 
N40P60K30 
Mean 
NoPoKo 
N40P30K0 
N40P30K0 
N40P40K0 
N40P40K.30 
N40P60K30 
Mean 
NoPoKo 
N40P30K0 
N40P30K0 
N40P40K0 
N40P40K30 
N40P60K30 
Mean 
NoPoKo 
N40P30K0 
N40P30K0 
N40P40K0 
N40P40K30 
N40P60K30 
Mean 
Water 
Fertilizer 
Interaction 
50% WW 
416.62 
458.46 
496.20 
496.86 
542.35 
543.28 
492.30 
428.31 
468.79 
512.55 
515.20 
559.49 
560.38 
507.45 
502.91 
546.34 
592.28 
594.33 
633.12 
634.39 
583.90 
392.05 
433.68 
464.39 
465.79 
501.28 
503.18 
460.06 
30 DAS 
3.818 
2.204 
5.399 
30 DAS 
100% WW 
452.38 
482.37 
521.71 
525.02 
571.73 
574.89 
521.35 
45 DAS 
465.12 
499.97 
545.28 
546.26 
587.37 
590.24 
539.04 
60 DAS 
537.84 
569.83 
612.69 
614.72 
656.19 
658.67 
608.32 
75 DAS 
426.79 
456.21 
478.65 
482.25 
529.38 
532.32 
484.27 
CD at 5% 
45 DAS 60 DAS 
3.658 3.535 
2.112 2.041 
NS 4.999 
Mean 
434.50 
470.42 
508.96 
510.94 
557.04 
559.09 
446.72 
484.38 
528.92 
530.73 
573.43 
575.31 
520.38 
558.09 
602.49 
604.53 
644.66 
646.53 
409.42 
444.95 
471.52 
474.02 
515.33 
517.75 
75 DAS 
4.559 
2.632 
6.447 
N.B.: Subscript values denote the amount of nutrients in kg ha' . NS = Non significant. 
Experimental Results 
4.6.2.3 CA activity 
Like other parameters here also 100%WW increased the enzymatic activity 
(Table 93). For this parameter also the two treatments having the three nutrients 
(N40P30K30, N40P40K30) proved equally effective. The other fertilizer doses were 
deficient due to the absence of K while the NQPOKO was the poorest. The enzyme 
activity also increased up to third cutting. The interaction was significant only at 
fourth cutting where N40P30K30 enhanced the carbonic anhydrase activity. 
4.6.2.4 Leaf NPK contents 
4.6.2.4.1 Nitrogen 
Wastewater proved effective in increasing the leaf nitrogen content (Table 
94) due to the presence of nitrogen in WW. Out of NPK fertilizer treatments, 
N40P30K30 was the optimum dose at all the stages. While in treatment N40P40K30 
luxury consumption of phosphorus was observed. N40P40K0, N40P30K0 and N40P0K0 
also increased N content from first to third cutting but showed the lower values 
than optimum. The interactions was non-significant. 
4.6.2.4.2 Phosphorus 
Application of 100%WW increased leaf phosphorus content (Table 95). 
Like nitrogen content, N40P30K30 proved optimum dose for enhancing leaf 
phosphorus content and it was at par with N40P40K30 showing luxury consumption 
of phosphorus. The doses N40P30K0 and N40P40K0 gave comparatively lower values 
than the optimum dose (N40P30K30) and higher values than N40P0K0. Phosphorus 
contents also increased from first to third cutting and then declined. Interaction 
was non-significant. 
4.6.2.4.3 Potassium 
100% WW also enhanced leaf potassium content (Table 96). N40P30K30 was 
the most effective dose. The two doses, N40P30K0 and N40P40K0 were statistically 
equal in their effect showing comparatively lower values and the remaining dose 
N40P0K0 showed the minimum increase. Like N and P potassium content also 
increased up to third cutting and then decreased. Among interactions, the data was 
significant only at fourth cutting, where 100%WW xN4oP3oK3oproved best and it 
was at par with 100%WWxN4oP4oK3o. 
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Table 93. Effect of 50%WW and 100%WW on carbonic anhydrase activity [mol 
(CO2) kg'' (leaf fresh mass) s"'] of Spinacea oleracea cv. Kaveri with different 
nutrients treatment. 
Treatments 
NoPoKo 
N40P30K0 
N40P30K.0 
N40P40K0 
N40P40K30 
N40P60K30 
Mean 
NoPoKo 
N40P30K0 
N40P30K0 
N40P40K0 
N40P40K30 
N40P60K30 
Mean 
NoPoKo 
N40P30K0 
N40P30K0 
N40P40K0 
N40P40K30 
N40P60K.30 
Mean 
NoPoKo 
N40P30K0 
N40P30K0 
N40P40K0 
N40P40K30 
N40P60K30 
Mean 
Water 
Fertilizer 
Interaction 
50%WW 
3.07 
3.26 
3.52 
3.46 
3.88 
3.93 
3.52 
3.25 
3.49 
3.71 
3.73 
4.07 
4.10 
3.73 
4.60 
4.91 
5.45 
5.48 
5.86 
5.90 
5.37 
2.89 
3.08 
3.26 
3.39 
3.77 
3.70 
3.35 
30 DAS 
0.070 
0.041 
NS 
30 DAS 
100% WW 
3.22 
3.39 
3.59 
3.63 
4.11 
4.15 
3.68 
45 DAS 
3.44 
3.63 
3.90 
3.92 
4.30 
4.32 
3.92 
60 DAS 
4.87 
5.16 
5.68 
5.71 
6.06 
6.08 
5.59 
75 DAS 
3.03 
3.21 
3.46 
3.41 
3.86 
4.01 
3.50 
CD at 5% 
45 DAS 60 DAS 
0.038 0.065 
0.022 0.038 
NS NS 
Mean 
3.15 
3.33 
3.56 
3.55 
4.00 
4.04 
3.35 
3.56 
3.81 
3.83 
4.19 
4.21 
4.74 
5.04 
5.57 
5.60 
5.96 
5.99 
2.96 
3.15 
3.36 
3.40 
3.82 
3.86 
75 DAS 
0.079 
0.046 
0.112 
N.B.: Subscript values denote the amount of nutrients in kg ha . NS = Non significant. 
Table 94. Effect of 50%WW and 100%WW on nitrogen content (%) of Spinacea 
oleracea cv. Kaveri with different nutrients treatment. 
Treatments 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K.0 
N40P30K30 
N40P40K30 
Mean 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
Mean 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
Mean 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
Mean 
Water 
Fertilizer 
Interaction 
50% WW 
2.32 
2.44 
2.64 
2.66 
2.85 
2.88 
2.63 
2.46 
2.60 
2.88 
2.85 
3.01 
3.06 
2.81 
2.91 
3.09 
3.33 
3.33 
3.51 
3.57 
3.29 
2.14 
2.29 
2.50 
2.52 
2.68 
2.73 
2.48 
30 DAS 
0.039 
0.023 
NS 
30 DAS 
100% WW 
2.41 
2.59 
2.76 
2.78 
3.00 
3.02 
2.76 
45 DAS 
2.57 
2.72 
2.89 
2.98 
3.23 
3.23 
2.94 
60 DAS 
3.04 
3.24 
3.38 
3.42 
3.72 
3.71 
3.42 
75 DAS 
2.25 
2.44 
2.61 
2.64 
2.79 
2.78 
2.59 
CD at 5% 
45 DAS 60 DAS 
0.066 0.048 
0.038 0.028 
NS NS 
Mean 
2.37 
2.52 
2.70 
2.72 
2.93 
2.95 
2.52 
2.66 
2.89 
2.92 
3.12 
3.15 
2.98 
3.17 
3.36 
3.38 
3.62 
3.64 
2.20 
2.37 
2.56 
2.58 
2.74 
2.76 
75 DAS 
0.045 
0.026 
NS 
N.B.: Subscript values denote the amount of nutrients in kg ha . NS = Non significant. 
Table 95. Effect of 50%WW and 100%WW on phosphorus content (%) of Spinacea 
oleracea cv. Kaveri with different nutrients treatment. 
Treatments 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
Mean 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K.30 
Mean 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
Mean 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
Mean 
Water 
Fertilizer 
Interaction 
50% WW 
0.417 
0.430 
0.452 
0.454 
0.479 
0.480 
0.452 
0.432 
0.442 
0.463 
0.460 
0.482 
0.484 
0.461 
0.474 
0.481 
0.505 
0.502 
0.524 
0.524 
0.502 
0.402 
0.416 
0.438 
0.439 
0.460 
0.466 
0.437 
30 DAS 
0.005 
0.003 
NS 
30 DAS 
100% WW 
0.428 
0.445 
0.467 
0.468 
0.492 
0.495 
0.466 
45 DAS 
0.444 
0.457 
0.481 
0.479 
0.501 
0.504 
0.478 
60 DAS 
0.485 
0.496 
0.519 
0.515 
0.537 
0.541 
0.516 
75 DAS 
0.414 
0.431 
0.449 
0.454 
0.480 
0.480 
0.451 
CD at 5% 
45 DAS 60 DAS 
0.005 0.005 
0.003 0.003 
NS NS 
Mean 
0.423 
0.438 
0.460 
0.461 
0.486 
0.488 
0.438 
0.450 
0.472 
0.470 
0.492 
0.494 
0.480 
0.489 
0.512 
0.509 
0.531 
0.533 
0.408 
0.424 
0.444 
0.447 
0.470 
0.473 
75 DAS 
0.005 
0.003 
NS 
N.B.: Subscript values denote the amount of nutrients in kg ha . NS = Non significant. 
Table 96. Effect of 50%WW and 100%WW on potassium content (%) of Spinacea 
oleracea cv. Kaveri with different nutrients treatment. 
~ ~ ' SODAS 
iicttuiiciiia 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K.30 
N40P40K.30 
50%WW 
3.74 
3.89 
4.06 
4.02 
4.25 
4.34 
100%WW 
3.86 
3.97 
4.07 
4.18 
4.48 
4.48 
Mean 
3.80 
3.93 
4.07 
4.10 
4.37 
4.41 
Mean 4.05 4.17 
45 DAS 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K.30 
N40P40K.30 
3.89 
4.07 
4.34 
4.20 
4.43 
4.48 
4.00 
4.16 
4.32 
4.36 
4.54 
4.59 
3.95 
4.12 
4.33 
4.28 
4.49 
4.54 
Mean 4.24 4.33 
60 DAS 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K.0 
N40P30K30 
N40P40K30 
4.56 
4.73 
4.97 
4.98 
5.17 
5.19 
4.69 
4.89 
5.06 
5.08 
5.30 
5.31 
4.63 
4.81 
5.02 
5.03 
5.24 
5.25 
Mean 4.93 5.06 
75 DAS 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
3.53 
3.68 
3.92 
3.92 
4.06 
4.13 
3.64 
3.77 
3.93 
3.98 
4.27 
4.27 
3.59 
3.73 
3.93 
3.95 
4.17 
4.20 
Mean 
Water 
Fertilizer 
Interaction 
3.87 
30 DAS 
0.074 
0.043 
NS 
3.98 
CD at 5% 
45 DAS 
0.087 
0.050 
NS 
60 DAS 
0.029 
0.017 
NS 
75 DAS 
0.057 
0.033 
0.081 
N.B.: Subscript values denote the amount of nutrients in kg ha^ NS = Non significant. 
Experimental Results 
4.6.2.5 Photosynthetic parameters 
4.6.2.5.1 Photosynthetic rate 
With 100%WW irrigation beneficial effect in enhancing the photosynthetic 
rate at all the four cuttings was observed (Table 97). The fertilizer dose N40P30K30 
proved more effective over N40P40K30 and the former dose gave significant 
increase over NOPOKQ. The other doses N40P0K0, N40P30K.0 and N40P40K0 were 
deficient due to absence of K. Among interactions, 100%WWxN4oP3oK3o proved 
best and gave an increase of 31.84%, 28.23% and 37.28% from second to fourth 
cutting over 50%WWx NQPOKQ while at first cutting N40P40K30 was best and gave 
38.17% increase over control and it was followed by N40P30K30. 
4.6.2.5.2 Stomatal conductance 
100% wastewater proved more effective over 50%WW (Table 98). Among 
the fertilizer doses, here also N40P30K30 proved optimum and it was at par with 
N40P40K.30 at second, third and fourth cuttings but at first cutting the optimum dose 
was followed by N40P40K30. Other doses (N40P40K0, N40P30K0 and N40P0K0) gave 
lower values although N40P40K0 and N40P30K0 were at par. Among the interactions, 
100%WWxN4oP3oK3o proved optimum and it was at par with 100%WWxN4oP4oK3o 
showing the luxury consumption of P and the optimum dose gave 29.88% more 
stomatal conductance at first cutting while interactions at other cuttings were non-
significant. 
4.6.2.5.3 Water use efficiency 
In this parameter effect of wastewater was non-significant at first and 
fourth cutting while at second and third cutting 100%WW proved effective and 
gave marginal increase of 0.81% and 0.83% (Table 99). Among the fertilizer 
doses, it was non-significant at first cutting while the dose N40P30K30 proved best 
and gave an increase of 3.58%) and 4.67% at second and third cutting and it was at 
par with N40P40K30. However at fourth cutting N40P40K30 proved best followed by 
N40P30K30 and gave an increase of 3.78%. The other doses (N40P40K0, N40P30K0 
and N40P0K0) were deficient. The interactions were also non significant. 
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Table 97. Effect of 50%WW and 100%WW on photosynthetic rate (^ mol CO2 m'^s"') 
^ of Spinacea oleracea cv. Kaveri with different nutrients treatment. 
Treatments 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K.0 
N40P30K30 
N40P40K.30 
Mean 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
Mean 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
Mean 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
Mean 
Water 
Fertilizer 
Interaction 
50% WW 
16.27 
17.10 
18.72 
18.49 
20.56 
19.91 
18.51 
19.47 
20.40 
21.86 
21.87 
24.69 
24.81 
22.18 
22.21 
23.47 
24.82 
24.92 
27.08 
27.16 
24.94 
11.56 
12.80 
13.98 
13.91 
15.25 
15.37 
13.81 
30 DAS 
0.077 
0.045 
0.109 
30 DAS 
100% WW 
16.97 
17.77 
19.56 
19.76 
21.92 
22.48 
19.74 
45 DAS 
20.12 
21.16 
22.85 
22.92 
25.67 
25.51 
23.04 
60 DAS 
23.11 
24.10 
25.54 
25.41 
28.48 
28.41 
25.84 
75 DAS 
12.47 
13.61 
14.63 
14.57 
15.87 
15.68 
14.47 
CD at 5% 
45 DAS 60 DAS 
0.086 0.131 
0.050 0.076 
0.121 0.186 
Mean 
16.62 
17.44 
19.14 
19.13 
21.24 
21.20 
19.80 
20.78 
22.36 
22.40 
25.18 
25.16 
22.66 
23.79 
25.18 
25.17 
27.78 
27.79 
12.02 
13.21 
14.31 
14.24 
15.56 
15.53 
75 DAS 
0.150 
0.087 
0.212 
N.B.: Subscript values denote the amount of nutrients in kg ha 
Table 98. Effect of 50%WW and 100%WW on stomatal conductance (m mol m'^s"') 
of Spinacea oleracea cv. Kaveri with different nutrients treatment. 
^ . ' 30 DAS 
l l C i l U l l C l l l ^ 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
50% WW 
0.338 
0.353 
0.371 
0.375 
0.410 
0.401 
100% WW 
0.351 
0.364 
0.396 
0.399 
0.444 
0.439 
Mean 
0.345 
0.359 
0.384 
0.387 
0.427 
0.420 
Mean 0.375 0.399 
45 DAS 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
0.402 
0.420 
0.444 
0.446 
0.492 
0.495 
0.413 
0.432 
0.457 
0.475 
0.509 
0.506 
0.408 
0.426 
0.451 
0.461 
0.501 
0.501 
Mean 0.450 0.465 
60 DAS 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K.0 
N40P30K30 
N40P40K30 
0.445 
0.468 
0.489 
0.492 
0.519 
0.525 
0.460 
0.478 
0.501 
0.501 
0.541 
0.539 
0.453 
0.473 
0.495 
0.497 
0.530 
0.532 
Mean 0.490 0.503 
75 DAS 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
0.242 
0.266 
0.288 
0.286 
0.310 
0.312 
0.260 
0.282 
0.300 
0.298 
0.321 
0.319 
0.251 
0.274 
0.294 
0.292 
0.316 
0.316 
Mean 
Water 
Fertilizer 
Interaction 
0.284 
30 DAS 
0.006 
0.004 
0.009 
0.297 
CD at 5% 
45 DAS 
0.007 
0.004 
NS 
60 DAS 
0.005 
0.003 
NS 
75 DAS 
0.006 
0.003 
NS 
N.B.: Subscript values denote the amount of nutrients in kg ha^ NS = Non significant. 
Table 99. Effect of 50%WW and 100%WW on water use efficiency (^ mol mol"') of 
Spinacea oleracea cv. Kaveri with different nutrients treatment. 
Treatments 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
Mean 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
Mean 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
Mean 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
Mean 
Water 
Fertilizer 
Interaction 
50% WW 
48.15 
48.47 
49.08 
49.32 
50.15 
49.66 
49.14 
48.44 
48.58 
49.24 
49.51 
50.19 
50.14 
49.35 
49.91 
50.15 
50.76 
50.65 
52.19 
51.74 
50.90 
47.78 
48.13 
48.57 
48.66 
49.20 
49.27 
48.60 
30 DAS 
NS 
NS 
NS 
30 DAS 
100% WW 
48.35 
48.97 
48.38 
49.60 
50.55 
50.14 
49.33 
45 DAS 
48.72 
48.98 
49.59 
49.94 
50.44 
50.81 
49.75 
60 DAS 
50.24 
50.42 
51.02 
50.78 
52.65 
52.83 
51.32 
75 DAS 
48.00 
48.27 
48.78 
48.90 
49.44 
50.13 
48.92 
CD at 5% 
45 DAS 60 DAS 
0.589 0.373 
0.340 0.215 
NS NS 
Mean 
48.25 
48.72 
48.73 
49.46 
50.35 
49.90 
48.58 
48.78 
49.42 
49.73 
50.32 
50.48 
50.08 
50.29 
50.89 
50.72 
52.42 
52.29 
47.89 
48.20 
48.68 
48.78 
49.32 
49.70 
75 DAS 
NS 
0.368 
NS 
N.B.: Subscript values denote the amount of nutrients in kg ha'. NS = Non significant. 
Experimental Results 
4.6.3 Yield parameters 
The yield attributes studied at harvest included branch number plant'', seed 
number plant'', 1000 seed weight, seed yield plant'' and biological yield plant'' 
(Tables 100 and 101). 
4.6.3.1 Branch number plant'' 
100% wastewater proved effective in increasing the branch production 
(Table 100a). The increase recorded by it was 3.70. Among the various fertilizer 
treatments, N40P30K30 proved optimum as it was at par with N40P40K30. The former 
treatment increased the branch production by 21.85% over NOPOKQ. The other 
treatment N40P30K0 gave 12.72% increase and it was at par with N40P40K0. The 
control gave 3,95% lower branches than N40P0K0. 
4.6.3.2 Seed number plant' 
100%WW proved effective in increasing this important parameter of seed 
yield (Table 100b). The increase was 5.72% over 50%WW. Among the fertilizer 
doses, N40P30K30 proved best while the higher dose of phosphorus (N40P40K30) 
showed luxury consumption. The other doses (N40P40K0, N40P30K0, N40P0K0) were 
deficient showing the role of K. The combination of 100%WWxN4oP3oK3o proved 
best and it gave an increase of 36.56% over 50%WWxNoPoKo. The two treatments 
of NPK with 100%WW were closely followed by the other two treatments of NPK 
applied with 50%WW. 
4.6.3.3 1000 seed weight 
100%WW also proved effective in increasing 1000 seed weight (Table 
100c) establishing the role of nutrients present in it. The fertilizer treatment, 
N40P30K30 proved optimum as it was statistically equal with N40P40K30, the former 
gave an increase of 5.83%over NQPOKQ. The treatments N40P0K0, N40P30K0 and 
N40P40K0 showing lower values, although N40P0K0 (1.71%)), N40P30K0 (3.90%) and 
N40P40K0 (4.00%) recorded more test weight over NQPOKQ proving the effectivity 
of N alone and N and P together. Among the interactions, 100%)WWxN4oP3oK3o 
proved superior and it gave an increase of 7.71% and it was at par with 
100%WWxN4oP4oK3o on the one hand, and on the other it was at par with 
50%WWxN4oP4oK3o. 100%WWxNoPoKo was statistically equal with 50%WWx 
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Table 100. Effect of 50%WW and 100%WW on (a) branch number plant'' (b) seed 
niunber plant'' and (c) 1000 seed weight (g) of Spinacea oleracea cv. Kaveri 
with different nutrients treatment. 
(a) 
(b) 
(c) 
Treatments 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
Mean 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K.30 
N40P40K30 
Mean 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K30 
N40P40K30 
Mean 
Water 
Fertilizer 
Interaction 
50%WW 
7.94 
8.20 
8.97 
9.01 
9.72 
9.75 
8.93 
489.26 
500.10 
570.41 
571.66 
627.37 
629.80 
564.77 
7.890 
8.107 
8.278 
8.286 
8.456 
8.463 
8.247 
Branch number 
plant'' 
0.062 
0.036 
NS 
Branch number plant"' 
100% WW 
8.26 
8.63 
9.29 
9.31 
10.01 
10.04 
9.26 
Seed number plant"' 
504.63 
538.20 
598.65 
602.38 
668.14 
670.49 
597.08 
1000 seed weight 
8.129 
8.187 
8.365 
8.374 
8.498 
8.505 
8.343 
CD at 5% 
Seed number 
plant"' 
4.410 
2.546 
6.237 
Mean 
8.10 
8.42 
9.13 
9.16 
9.87 
9.90 
496.95 
519.15 
584.53 
587.02 
647.76 
650.15 
8.010 
8.147 
8.322 
8.330 
8.477 
8.484 
1000 seed weight 
0.026 
0.015 
0.037 
N.B.: Subscript values denote the amount of nutrients in kg ha"'. NS = Non significant 
Table 101. Effect of 50%WW and 100%WW on (a) seed yield plant"' (g) and (b) 
biological yield plant"' (g) of Spinacea oleracea cv. Kaveri with different 
nutrients treatment. 
Seed yield plant" 
1 reaimerus 
NoPoKo 
N40P0K0 
N40P30K0 
N40P40K0 
N40P30K.30 
N40P40K.30 
50% WW 
4.126 
4.214 
4.326 
4.332 
4.442 
4.451 
100% WW 
4.224 
4.296 
4.385 
4.394 
4.524 
4.528 
Mean 
4.175 
4.255 
4.356 
4.363 
4.483 
4.490 
(a) 
Mean 4.315 4.392 
Biological yield plant" 
(b) NoPoKo 
N40P0K0 
N40P30K0 
N40P40K.0 
N40P30K30 
N40P40K30 
12.51 
12.69 
12.95 
12.92 
13.19 
13.17 
12.77 
12.89 
13.09 
13.07 
13.29 
13.28 
12.64 
12.79 
13.02 
13.00 
13.24 
13.23 
Mean 12.91 13.07 
CD at 5% 
Seed yield plant" Biological yield plant" 
Water 
Fertilizer 
Interaction 
0.017 
0.010 
NS 
0.100 
0.058 
NS 
N.B.: Subscript values denote the amount of nutrients in kg ha". NS = non significant. 
Experimental Results 
N40P0K0 and the former gave an increase of 3.03%over 50%WWxNoPoKo showing 
positive effect of 100%WW. 
4.6.3.4 Seed yield plant"' 
Without dilution wastewater enhanced the seed yield over 50% dilution 
indicating the effectiveness and utility of the nutrients present in 100% WW (Table 
101a) highlighting the point that 100%WW can supplement some of the essential 
nutrients more than the 50%WW. The increase recorded was 1.78%. Like other 
growth and yield parameters, the fertilizer treatment, N40P30K30 proved best due to 
the cumulative increase in growth and it was at par with N40P40K30 which showed 
the luxury consumption of P. The increase recorded with the former dose was 
7.38% while the lower doses proved deficient. It may be noted that all the three 
treatments without K were poorer in their effect. 
4.6.3.5 Biological yield plant' 
Biomass also increased with the irrigation of 100%WW (Table 101b). 
Thus, 100% WW recorded an increase of 1.28%) over 50%)WW. Among various 
fertilizer doses, N40P30K30 proved optimum being at par with N40P40K30. Biological 
yield increased 4.75 %> by the former dose over NQPOKQ, while the other doses 
(N40P30K0, N40P40K0, N40P0K0) were deficient. 
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CHAPTERS 
DISCUSSION 
Plants absorb most of the essential nutrients from the soil, which is their 
primary source. Thus, the raising of crop plants year after year in the same field 
results in their deficiency especially N, P and K, if not added adequately and regularly 
(Miller and Donahue, 1990). Therefore, the judicious supply of nutrients can play an 
indispensable role in the realization of the full genetic potential of the growing crop 
(Milthrope and Moorby, 1979). Farmers pay considerable attention on fertilizers both 
organic and inorganic for obtaining the high productivity. It may be emphasized that 
the kind as well as the amount of the fertilizer to be applied depends, to a large extent, 
on the type of the crop grown and mode of its application. The thrust in this thesis was 
basically on plant nutrition and wastewater the latter being used as common resource 
of nutrients and water. Therefore, this chapter has been divided into five sections (1) 
plant nutrition and wastewater, (2) plant nutrition and inorganic fertilizers (2.1) 
nitrogen, (2.2) phosphorus and (2.3) NPK, (3) nutrient potential of wastewater and 
cumulative effect of NPK, (4) crop response, (4.1) growth response, (4.2) cutting 
response, and (5) conclusions. 
5.1 Plant nutrition and wastewater (Experiments I-VI) 
In general, the wastewater proved a good source of nutrients (Tables 8-101) as 
its application improved the performance of both vegetables. This improvement may 
be ascribed to the regular supply of some of essential nutrients from the irrigating 
wastewater. It seems that the wastewater provided more chances to roots for exploring 
the soil colloids and soil solution both for the availability of nutrients as well as of 
water. It may be pointed out that proper management of nutritional inputs, like 
balanced ratio and timely supply along with required water, are among the few 
important factors for getting better harvests. In fact, the wastewater specially when 
mixed with sewage may act as a liquid manure and therefore, may be helpfiil to crops, 
like grasses, silage and leafy vegetables, of which the desired vegetative growth may 
take place because of the presence of most essential nutrients specially the N, P and 
K. While the observed deleterious effect of the wastewater, when applied with higher 
fertilizer doses (N20 and N30 in fenugreek and Neo in spinach) may be due to the 
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nutrients crossing their critical limits therefore, became excessive as sufficient amount 
of N was also present in soil (Table 5) as well as in wastewater (Table 6). It was 
further observed that for both crops, leguminous (fenugreek) and non-leguminous 
(spinach), 100%WW was more beneficial than 50%WW or GW (Experiments 1-lV). 
This observation was not surprising as 100%WW was already diluted at several 
places due to the mixing of household wastewater and sewage water before it reaches 
to the main drain leaving the city where most of the vegetables are grown (Fig. 2a, b) 
for local consumption as well as for marketing to nearby cities like Delhi and Agra. 
Thus after 50%) dilution, the concentration of nutrients present in the wastewater was 
further decreased and thereby giving comparatively lower yields than the 100%WW. 
The data of Experiments V and VI ftirther confirmed that 100%WW was more 
effective (Tables 72 to 101) than 50%WW. Moreover, the irrigation even with 
50%WW proved better to GW as noted in Experiments I to IV confirming the utility 
of wastewater as a good source of nutrients. 
The beneficial effect of the wastewater is not far to seek. It contained in 
addition to the three major elements NPK, some other essential elements like S, Ca, 
Mg and CI which might have contributed towards the improvement of growth 
specially the shoot fresh weight (Tables 12, 28, 44, 60, 72 and 87) and leaf number 
(Tables 14, 30, 46, 62, 74, 89) which are so important for the marketing of two leafy 
vegetables. Roles of NPK will be explained later while discussing them under section 
2 of this chapter. Considering the remaining nutrients, S is the main constituent of 
some aminoacids, several coenzymes and prosthetic groups and its deficiency can 
cause a decrease in chlorophyll content (Dietz, 1989), therefore, its presence in the 
wastewater has increased chlorophyll content in both crops (Tables 16, 32, 48, 64, 75, 
91). Similarly, Ca, playing important roles, among others, an essential component of 
cell wall, and its involvement in cell division (Schmit, 1981) would have enhanced 
shoot fresh weight and it also improved nodulation which was also observed by 
Lowther and Lonergan (1968). Similarly Mg a central atom of chlorophyll is required 
for structural integrity of chloroplast (Moorby and Besford, 1983) on which rate of 
photosynthesis also depends and thus may be responsible for the enhanced 
photosynthetic rate in the wastewater treated plants (Table 81-83, 97-99). Chlorine 
plays an important role in stomatal regulation and its deficiency may result in the 
reduction of leaf area and dry weight (Marshner, 2002), hence higher value of 
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stomatal conductance in the wastewater treated plants (Table 82 and 98). Similar 
views on the beneficial effect of the wastewater on various crops were expressed by 
Pradhan et al. (2001) Ahmad (2004), Saeed (2004), Shah et al. (2005), Azad (2006) 
and Tabassum et al. (2007) while working on crops like wheat, gram, moong, 
triticale, lentil and mustard. 
On testing the wastewater for microbes, it was found that it had some 
pathogenic bacteria. Mean value of at least three samples indicated the most 
probable number of coliform 2.1x10^ 100 ml'' of wastewater. Similarly, 
Salmonella and Shigella sp. was 3.20x10* 100 ml'' which indicated the presence 
and survival of potentially pathogenic bacteria. Although no guideline is available 
for such bacteria for irrigation purpose. Thus on the basis of microbiological 
quality assessment of wastewater it may be concluded that: 
1. Careful handling and proper washing of these leafy vegetables at the time 
of their cutting must be taken up before marketing. 
2. The wastewater may be recommended to be used for irrigating fodder 
crops, pasture crops and such vegetables which are used only after cooking. 
3. Further investigation for the presence of protozoan cysts and other 
microbes may be helpful. Monitoring of such wastewater should be 
mandatory by the local and state level governing bodies. 
5.2 Plant nutrition and inorganic fertilizers (Experiments I-VI) 
5.2.1 Nitrogen (Experiments I and II) 
It is the most important nutrient as it is a major limiting element for growth. It 
increases the number and size of meristemic cells leading to leaf expansion and 
number (Gastal and Nelson, 1994) and a necessary component of several key 
biomolecules (Salisbiiry and Ross, 1992). It also enhances green colour of the leaf and 
succulence while delays flowering and fruiting eventually making it highly desirable 
for the production and marketing of leafy vegetables. Therefore, in Experiment I, the 
increase in growth (Tables 8-15), physiology (Tables 16-21) and yield parameters 
(Tables 22-24) was observed with lower dose (Nio) proving optimum. Since 
fenugreek is a leguminous crop and was able to fix its own nitrogen, therefore it does 
not require a heavy dose that checks the nodule formation (Mann, 1968; Arrese Igor 
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et al, 1997; Ram and Verma, 2001). This observation is contrary to earlier 
observations on the same crop undertaken by Pareek and Gupta (1981), Banafar et al. 
(1995), Halesh et al. (1998), Chaudhary (1999a,b), Thapa and Maity (2003; 2004) 
where in comparatively higher rates of N (up to 60 kg h"^ ) were reported. In the 
present study it may be because of the presence of two ionic forms of N supplemented 
through the wastewater (Table 6) in addition to available N of the soil (Table 5) which 
could have played important roles by maintaining adequate cation-anion ratio even 
under low fertilizer dose and therefore, the two comparatively higher doses (N20 and 
N30) proved excessive and thus lowering the shoot fresh weight (Table 12; Fig 3) 
shoot dry weight (Table 13), leaf number (Table 14), flower and pod number (Table 
15). It may also be noted that the optimum dose also enhanced the root growth (Table 
9) which might have increased the nutrient uptake (Tables 19-21) and nodulation 
(Table 11). This was also borne out by the strong positive correlation coefficient 
(r values) between the root fresh weight and N uptake (r = 0.863 , 0.964* and 
0.979"), P uptake (r = 0.902**, 0.856** and 0.963**) and K uptake (r = 0.918**, 
0.921** and 0.906**) and nodule number (r = 0.872**, 0.948** and 0.950**) at 
vegetative, flowering and fruiting stages respectively. On the other hand, the crop 
grown without N (No) expectedly gave significantly lowest values for the various 
parameters as some starter dose of N is always needed even by the leguminous crops 
to obtain satisfactory crop yields (Mengel and Kirkby, 1996). 
In contrast to fenugreek, spinach (Experiment II) required comparatively more 
N (N40) expectedly being a non-leguminous crop (Table 25-31). References were 
available where similar observations were reported by Wang and Li, 2004; Lise et al., 
2005; Yingpeng et al, 2005 and Lefsrud et al, 2007. When its supply was 
suboptimal, the growth remained retarded thus N20 proved deficient recording lower 
values for root fresh weight (Table 26), root dry weight (Table 27), shoot fresh weight 
(Table 28; Fig 3) shoot dry weight (Table 29), leaf number (Table 30) and leaf area 
(Table 31). On the other hand, Neo seemed to be the luxury dose as it could not 
enhance the groM t^h ftirther (Milthrope and Moorby, 1979). As, NR activity depends 
on the availability of the substrate in cytoplasm, level of fimctional NR including the 
availability of cofactor (Campbell, 1999), therefore increase in NR activity may be 
due to the increased absorption and translocation of N to leaves (Tables 17 and 33) 
and nitrate assimilation. This proposition is also strengthened by correlation between 
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Experiment I 
Fenugreek 
Experiment II 
Spinach 
V5 10 
GW 50% WW 100% WW GW 50%WW 100% WW 
Fig. 3. Effect of GW, 50%WW and 100% WW on shoot fresh weight of Trigonella foenum 
graeami cv. Desi and Spinacea oleracea cv. Kaveri with four levels of nitrogen at 
vegetative (A) flowering (B) and fruiting (C) stages of growth 
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NR activity and N content (r = 0.750**, 0.838** and 0.825**) in fenugreek. Enhanced 
activity of CA (Tables 18 and 34), a zinc metalloenzyme which catalyzes the 
hydration of CO2, was also observed although it is not dependent on nitrogen while its 
activity is highly dependent on Zn supply (Ohki, 1976). 
The status of nutrients within plants may be assessed by leaf analysis as leaves 
may serve as a tool for diagnosing nutrient availability in the soil. In the present 
study, the leaf analysis showed enhanced NPK contents under optimum N application 
in both the crops (Tables 19-21 and 35-37). The presence of these essential nutrients 
in the soil, wastewater and their supply in the form of urea, superphosphate and 
muriate of potash were synergistically responsible for this increase. In addition, the 
enhanced root area of treated plants was also helpftil in extracting more nutrients 
present near the root zone leading to higher dry matter (Tables 10 and 27). Similar 
positive interactions between N and P were also noted by Russell (1973) and between 
N and K by Murphy (1980). Seed yield was not the main objective of the present 
study although fenugreek and spinach seeds have their medicinal value as pointed out 
in Chapter 1. Since N was the main nutrient responsible for enhanced leaf area, leaf 
number and chlorophyll content, therefore it had the ability to contribute more 
photoassimilates and partition them efficiently into the harvested organ producing 
more pod number (Table 22), 1000-seed weight (Tables 22 and 38) and seed number 
(Tables 22 and 38) which in turn culminated into higher seed yield (Fig. 4), protein 
and carbohydrate contents (Table 24). 
5.2.2 Phosphorus (Experiments III and IV) 
It stands second in plant nutrition and has significant role in energy transfer via 
ATP. It helps in maturation of crops and formation of seeds in addition to root growth 
and nodulation (Patnaik, 1987). Among essential nutrients, it is often limiting due to 
low availability, therefore, its supply by any means particularly at later stages of 
growth has enhancing effect as also observed in these experiments (Fig. 5). In 
fenugreek, P40 was more effective, although even 90 kg P ha'" was observed as 
optimum (Halesh et al, 2000), for root fresh weight (Table 41), root dry weight 
(Table 42), nodule number (Table 43), shoot fi-esh weight (Table 44), shoot dry 
weight (Table 45), leaf number (Table 46) and flower number (Table 47). However, 
comparatively less P was required by spinach as P30 enhanced most of the growth 
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Fenugreek Spinach 
50% WW 100% WW 50% WW 100% WW 
NoPoKo 
•^ 40*^40*^ 
N40P0K0 ^ N^PjoKjo 
'^4o"3o'N) ^40^40*^ : 30 
Fig. 4. Effect of GW, 50%WW and 100%WW on seed yield of Trigomlla foenum graecum 
cv. Desi and Spinacea oleracea cv. Kaveri at harvest in Experimert 1 (A), Experiment 
2 (B), Experiment 3 (C), Experiment 4 (D), Experiment 5 (E) arei Experiment 6 (F). 
Experiment III 
Fenugreek 
Experiment IV 
Spinach 
00 10 -
GW 50%WW 100%WW GW 50%WW 100% WW 
Fig. 5. Effect of GW, 50%WW and 100% WW on shoot fresh weight of Trigonella foenum 
graecum cv. Desi and Spinacea oleracea cv. Kaveri witii four levels of phosphorus at 
vegetative (A) flowering (B) and fruiting (C) stages of growth 
.V> 
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parameters (Tables 57 to 63). The adequate supply seemed to be responsible for 
enhanced leaf development leading to more leaf area and fresh weight. The 
correlation studies also show a strong positive relation between leaf number and shoot 
fresh weight at vegetative, flowering and fruiting stages (r = 0.920 , 0.932 and 
0.811**) in Experiment III and (0.926**, 0.998** and 0.992*') in Experiment IV. This 
good response of growth characteristics seems to have manifested cumulatively 
through favourable partitioning of photosynthates towards the seeds, recording 
maximum seed weight and seed yield (Table 54 and 55). Contrary to sufficiency 
level, plants suffering from P deficiency may show reduction in leaf expansion and 
leaf area (Fredeen et al, 1987), leaf number (Lynch et al., 1991) and photosynthetic 
activity and activity of various enzymes (Avdeeva and Andreeva, 1974) thereby 
affecting the growth and yield adversely. This may also be seen from the perusal of 
data of Table 40 to 56 and 57 to 71. Treatment P20 was deficient giving lower values. 
The data also revealed that treatment Peo and P40 could be accounted for the luxury 
consumption in fenugreek and spinach respectively as these doses neither increased 
nor decreased the observed parameters significantly. 
Unlike N, the beneficial effect of P on leaf NR activity seems to be indirect, as P 
in leaf tissue is known to be responsible for phosphorylation and release of 
photosynthates from chloroplast and oxidation of these sugars generating more 
reducing power for nifrate metabolism (Kow et al., 1982). An increase in the NPK 
contents of leaves because of P may be due to increase in root growth (Table 41 to 
43). Sfrong positive correlation between N content (r = 0.883**, 0.952** and 0.954** in 
Experiment III) with root fresh weight at vegetative, flowering and fioiiting stages 
respectively confirmed the above proposition. In addition, higher nodulation could 
have increased the N contents through more N fixation (Table 51). Similar increase 
was also reported by Jat et al. (1998) and Kumarawat et al. (1998) in fenugreek. 
While the increase in seed yield (Fig. 4) was obviously due to the enhanced yield 
components (Tables 54 and 70). This was also borne out form correlation studies 
wherein shoot fresh weight was positively correlated with seed number (r = 0.975**, 
0.975** and 0.916** in Experiment III and r = 0.976**, 0.989** and 0.990*' in 
Experiment IV) and seed yield (r = 0.976*', 0.977" and 0.989" in Experiment III and 
r = 0.973**, 0.946** and 0.944** in Experiment IV) the increase in seed protein 
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contents (Table 55) may be attributed to the involvement of P in protein synthesis by 
way of supplying energy rich ATP. 
5.2.3 NPK (Experiments V and VI) 
Finally the effect of N alone, N, P and NPK together was observed and the 
combined dose N10P40K40 proved optimum for fenugreek (Tables 72 to 86), while 
comparatively higher level of N and lower levels of P and K (N40P30K30) were found 
to be best for spinach (Tables 87 to 101). As pointed out earlier fenugreek is a 
leguminous crop and thus the lower N dose was probably sufficient while spinach 
being a non-leguminous crop required comparatively more N. On the other hand, 
fenugreek needed comparatively more P and K than spinach and this was not 
surprising as both crops differ for their fertilizer requirement. Such a difference can be 
attributed to their genetic variation and arise due to differences in efficiency of 
absorption from the medium of their rooting and utilization of these nutrients. There 
are references wherein different crops or genotypes have been found to differ 
markedly not only in their fertilizer requirement but also in absorption and 
distribution in various parts as reviewed by Epstein and Jefferies (1964), Langer 
(1966) and Clarkson and Hanson (1980). These two treatments, N10P40K40 and 
N40P30K30, thus proved best as both combinations have optimums of N and P and thus 
confirming earlier findings of Experiments I to IV. The cumulative effect of these 
essential macronutrients seemed to be responsible for the good performance of 
fenugreek and spinach (Fig.6). In this context, mention may be made of Russell 
(1973) who pointed out that "If two factors are limiting or nearly limiting growth, 
adding only one of them will have little effect on growth whilst adding both together 
will have considerable effect. Two such factors are said to have a large positive 
interaction in such circumstances for the response of crop to both together is larger 
than the sum of response of each separately". On similar line Kilcher (1965) also 
observed that the combination of N and P resulted in higher yield than obtained under 
N alone. In the present study although N alone was better than control but it was less 
productive in comparison to the doses where N, P together were given which in turn 
were less productive when N, P, K in combination were given. 
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Fig. 6. Effect of 50%WW and 100%WW on shoot fresh weight of Trigonella foenum 
graecum cv. Desi and Spinacea oleracea cv. Kaveri at 30 DAS (A), 45 DAS (B), 60 
DAS (C) and 75 DAS (D) cuttings. 
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5.3 Nutrient potential of wastewater and cumulative effect of NPK 
As pointed out earlier wastewater had sufficient nutrient contents and when it 
was supplemented with inorganic fertilizers, significant improvement in both the 
vegetables was observed. Thus, there were instances where 100%WW was as 
effective as groundwater supplemented with some inorganic fertilizers. Mention may 
be made of 100%WWxNo giving at par values to GWXN20 in root fresh weight (Table 
9), leaf number (Table 14) and chlorophyll content (Table 32). Similarly, 
100%WWxPo was at par with GWx?2o in branch number (Table 70a) and seed 
number (Table 70b). Likewise 100%WWxNo gave 3.88 and 3.25% more N content 
than GWxNo (Table 19) and 100%WW improved 1000-seed weight over GW (Table 
22d and 38c). Enhanced nodulation by 100%WWxPo over GWxPo (Table 43), 
increased shoot fresh weight (Table 44) and improvement in chlorophyll and NPK 
contents by 100%WW over GW (Table 48, 51, 52 and 53) may also pointed out. 
Similarly enhancement in protein content (Table 56a), shoot fresh weight (Table 60) 
and leaf number (Table 62) by 100%WWxPo over GWxPo, indicates the beneficial 
effect of wastewater in the over all growth and development of the two vegetable 
crops while observing experiments I-IV. hi the following experiments (V and VI) the 
cumulative effect of N, P and K applied together was more pronounced when given 
with the wastewater. The data of Table 74 and 78 showed that 100%WWxNoPoKo was 
at par with 50%WWxNoPoKo and the data of Tables 72, 84a, 84b, 84c, 85a, 85b, 86a, 
87, 88, 100c revealed that 100%WWxNoPoKo gave the marginal increase over 
50%WWxNoPoKo. These results, thus prove the efficacy of 100%WW over 50%WW 
in both the experiments. Out of twelve interactions, combmation of 100%WW with 
the doses of NPK at their optimums N10P40K40 in case of fenugreek and N40P30K30 in 
case of spinach proved most effective, confirming our assumption, as pointed out in 
Chapter 1, that the wastewater can be considered as a source of nutrients and may also 
be helpful if given with judicious doses of NPK (Table 89). 
5.4. Crop response (Experiments I-VI) 
5.4.1 Growth response (Experiments I -IV) 
Plant growth in respect of plant height (Tables 8, 25, 40 and 57), root fresh 
weight (Tables 9, 26, 41 and 58), root dry weight (Tables 10, 27, 42 and 59), shoot 
fresh weight (Tables 12, 28, 44 and 60), shoot dry weight (Tables 13, 29, 45 and 61) 
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and leaf number (Tables 14, 30, 46 and 62) was increased up to the last sampling. 
However, the growth was comparatively faster during vegetative to flowering period 
in comparison with flowering to fruiting period. This pattern of growth may be 
attributed to the sigmoid growth, i.e. the faster cell division and differentiation in the 
log phase (vegetative to flowering) of growth period in comparison with the slow 
growth rate afterwards (flowering to fruiting). Contrary to this in II and IV 
experiments (spinach) leaf size (leaf area leaf') was decreased from flowering to 
fruiting but leaf number was increased hence the total leaf area on per plant basis 
(Tables 31 and 63). The increase in nodule number up to flowering only (Tables 11 
and 43) may be ascribed to the fact that initially the competition for photosynthates 
was confined to roots, nodules and aerial vegetative organs, however, when flowering 
and fruiting started, new sinks have provided more demanding sites for the 
photosynthates, thus creating shortage for the nodules, as a result of which their 
degradation started. Similarly, flower number in fenugreek decreased after the onset 
of fioiiting (Table 15 and 47, Experiment I and III). This decrease was more 
pronounced in the control (no fertilizer) under both waters due to the phenomenon of 
flower fall which might have resulted from the non-availability of sufficient nutrients. 
In confrast, decrease in chlorophyll content (Tables 16, 32, 48 and 64), NR activity 
(Tables 17, 33, 49 and 65) and CA activity (Tables 18, 34,50 and 66) was noted with 
the increase in age of both crops and the decrease was low between vegetative and 
flowering and high between flowering to fruiting which may be attributed to the 
differential mobilization of organic and inorganic substances to sink. Moreover, the 
concomitant increase in leaf area would have also increased the capacity of the sink. 
These results also corroborate the findings of Hesketh et al. (1981), Bhagsari and 
Brown (1986), and Davies et al. (1987). The decrease in leaf N (Tables 19, 35, 51 and 
67), P (Tables 20, 36, 52 and 68) and K (Tables 21, 37, 53 and 69) contents with the 
advancement of the growth of two crops may be due to the dilution factor because of 
increased growth and redistribution of these nutrients to younger plant parts. In 
addition, the translocation of nutrients to sink (seeds) during their formation may also 
be responsible for such observation. Mention may be made of the work of Gomide et 
al. (1964) on six tropical grasses wherein a decline in the leaf P concentration with 
growth was observed. Similarly, a rapid decline in the leaf K concentration with 
maturity in forage legume herbage was reported by Rhykerd and Overdahl (1972). 
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Among the three nutrients, K was accumulated more followed by N and P. In 
this context, it may be of interest to note that for higher plants, K is the most abundant 
cation of the plant tissues (Huber, 1985) due to its higher solubility, easy availability 
and greater permeation rate. Peavy and Grieg (1972) also noted that the removal of K 
was more than P and N in spinach. Similarly, Widdwoson et al. (1981) and Mengel 
and Kirkby (1982) reported that the uptake of K was more than P and N in various 
vegetables like potato and tomato. It may, therefore, be pointed out that such 
variations in mineral contents are influenced by various factors including the type of 
crop and even varieties their growth habits, root systems, the ability to absorb 
nutrients present near root zone and ofcourse the composition of the medium in which 
the plants grow. 
5.4.2 Cutting response (Experiments V and VI) 
Green leafy vegetables are normally harvested by clipping of the leaves and 
young shoots and repeated cuttings may be taken during one growing season, while 
for seeds, the crop is left without clipping. Generally, two cuttings have been reported 
to be undertaken (Baboo, 1997 and Thapa and Maity, 2003; 2004), however, in the 
present study (Experiment V and VI), three cuttings could be possible if these 
vegetables are grown with wastewater. This was probably due to the regular supply of 
nutrients through irrigation leading to regular increase in leaf number, leaf area, shoot 
fresh weight and physiological parameters of the two crops. Iqbal et al. (1994), 
studying the effect of municipal wastes on spinach and coriander, also reported 
similar findings. Unlike growth parameters, increasing number of leaf cuttings 
decreased the pods number plant'', seed number pod"',1000 seed weight and seed 
yield (Tables 84-85) and branch number plant'', seeds number plant"' and 1000 seed 
weight (Tables 100-101;Fig. 4). Datta et al. (2005) and Kumar and Singh (2007) also 
reported while physiological parameters (Tables 75 to 83 and 91 to 99) were 
increased possibly to cope up the growth of the cutted plants. 
5.5 Conclusion 
Apart from the importance in enhancing the crop production, use of wastewater 
is of much wider importance when judged for the preservation of productivity of 
agricultural land and environment. Increased growth and yield by such waters 
undoubtedly saves fertilizers and expenditure but the whole question of productivity 
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can not be viewed from the narrow angle of immediate yields and the amount saved. 
In our opinion application of sewage water alone or blended with some city 
wastewater, as in the present study, can be placed under the organic manuring to some 
extent as chemical fertilizers can not contribute to the maintenance of soil 
environment capable of stimulating favourable biological activities in addition to 
improvement in physical condition of soil and aggregation of its particles. Such 
manurial liquid wastes may, therefore be necessary for agricultural lands in the 
countries where chemical fertilizers are not easily available due to their import from 
other countries and because of their high cost which is normally beyond the reach of 
common poor small farmer. The present study had therefore, established beyond 
doubt, that this wastewater without any dilution was capable of producing higher 
yields compared with that raised under normal irrigation water and even better after 
using some amount of inorganic fertilizers. Further conclusions based on the findings 
of experiments I-VI may be drawn as follows: 
1. Physico-chemical analysis of the wastewater revealed its suitability for irrigation 
because most of the values were within the permissible limits of CPCB of 
irrigation water. In the present study, the conductivity of the wastewater was up 
to 1400 u mhos cm'', therefore it may be classified as medium saline and thus 
may be safe for irrigation as up to 22s50 [i mhos cm"' can be used in agriculture 
which is a lower limit of high salinity. 
2. Use of the wastewater in agriculture can be attributed to the fact that it contained 
a sufficient amount of essential nutrients specially the NPK thus minimizing the 
inorganic fertilizer requirement. 
3. It may prevent the fresh water degradation due to eufrophication. 
4. It may also reduce the burden on fresh water resources and 100%WW proved 
better than 50%WW, therefore, fiirther dilution was not necessary. 
5. The microbiological examination of the wastewater revealed the presence of 
some pathogenic micro-organisms due to which growers may be warned. Since 
the crop is not eaten uncooked, therefore, there may not be any harm to 
consumers. 
114 
Discussion 
6. The soil was sandy loam in texture and also contained some of the essential 
nutrients with medium alkaline pH which makes it suitable for vegetable 
cultivation. 
7. In Experiment I (fenugreek), Nio proved optimum, while N20 and N30 were 
excessive for most of the important parameters, including nodule number, shoot 
fresh weight, leaf number, seed yield, protein and carbohydrate contents, with 
100%WWxNio proving best. 
8. In Experiment II (spinach), N40 gave the optimum performance, with N20 being 
deficient and Neo excessive mainly for shoot fresh weight, leaf number, leaf area 
and seed yield. Among interactions, 100% WW x N40 was most effective 
combination. 
9. In Experiment III (fenugreek), P40 gave the maximum values and Peo was 
generally at luxury consumption, whereas P20 was the deficient dose. The 
combination 100%WWxP4o was the best among all interactions. 
10. In Experiment IV (spinach), comparatively lower dose P30 was the optimum, 
with P40 proving luxury and P20 the deficient one. Out of interactions, 
100%WWxP3o was the most beneficial. 
11. In Experiment V (fenugreek), for most growth and yield parameters including 
shoot fresh weight, the optimum doses of N and P obtained in Experiments I and 
III along with K40 proved best, with the interaction 100%WWxNioP4oK4o being 
the most effective combination. 
12. While in Experiment VI (spinach), the dose having comparatively more N and 
less P and K, N40P30K30 proved better for most of the parameters studied and this 
combination fiirther improved the growth and yield parameters when applied 
with the wastewater. 
13. In Experiments I to IV, plant height, fresh and dry weights, leaf number leaf 
area (Experiment II, IV) increased with the advancement in plant age, while 
nodule number (Experiment I, III) increased up to flowering only. However, 
total chlorophyll content, NR activity, CA activity and leaf NPK contents 
decreased with the advancement in age of the plants. 
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14. In Experiments V and VI, the growth was maximum at the third cutting due to 
regular supply of nutrients through the wastewater, therefore in all three cuts 
may be taken up. 
15. Among the three nutrients, K accumulated more in leaves followed by N and P. 
The wastewater, therefore, can be utilized as an alternative source of irrigation 
without any dilution as it can be pumped directly from the wastewater drain with 
N10P40K40 and N40P30K30 proving best for cultivation of fenugreek and spinach 
respectively. 
Proposals for future studies 
The observations recorded during three years of this study have helped in 
understanding the utility of the wastewater in agriculture, however, still there remain 
some areas where work may fiirther be undertaken on the following lines : 
1. These trials may be undertaken in the field conditions, if possible, near the 
wastewater drain with the coordination of local farmers to confirm the findings 
of the pot experiments. 
2. Some of the heavy metals may be analysed in the wastewater, soil and plants, 
specially Ni, Cr and Pb as the city wastewater was mixed with the nickel plating 
industrial wastewater. 
3. Further study on microbiology of the wastewater may also be undertaken. 
4. Leghaemoglobin content and nitrogenase activity may be determined to estimate 
the N-fixation ability of fenugreek. 
5. Ascorbic acid and mineral contents including Fe may be estimated in spinach in 
addition to carbohydrate and protein in the leaves of both the crops. 
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CHAPTER 6 
SUMMARY 
Chapter I (Introduction) explains and justifies briefly the need for undertaking 
the present study while mentioning the importance of wastewater in agriculture, 
essential inorganic nutrients, the two leafy vegetable crops and their medicinal values 
and finally the aims and objectives of the study. Before the begiiming of Chapter 2, a 
Jjst of plants and their botanical names was included for the convenience of the 
readers. 
Chapter 2 (Review of Literature) include an up-to-date review divided in four 
sections: wastewater effect on vegetables; on other crops; fertilizer effect on 
fenugreek and on spinach. 
Chapter 3 (Materials and Methods) the procedures and methodology applied in 
six pot experiments during the 'rabi' seasons of 2003-2006 were explained. 
Agroclimatic conditions of Aligarh, physico-chemical properties of water, soil, 
microbiology of water and plant analysis were also described. 
Chapter 4 (Experimental Results) comprises data analysed statistically and 
presented in the form of tables (8-101). Only the important observations were briefly 
summarized below: 
Experiment I, was conducted during the 'rabi' (winter) season of 2003-2004 to study 
the effect of three levels of water (100% WW, 50% WW and GW) and four levels of 
nitrogen (0, 10, 20 and 30 kg N ha"') in presence of a imiform dose of phosphorus 
(P40) and potassium (K40) on the performance of fenugreek cv. Desi. Among the 
concentrations of the wastewater, 100% WW proved superior for most of 
morphophysiology, yield and quality parameters while out of nitrogen treatments, Nio 
was the optimum dose whereas N20 and N30 were excessive and the interaction, 
100%WWxNio was the most effective combination. 
Experiment II, was conducted along with Experiment I on similar lines but on another 
crop spinach cv. Kaveri with same water treatments i.e. 100%WW, 50%WW and GW 
but with different nitrogen levels. No, N20, N40 and Neo in presence of uniform dose of 
phosphorus (P30) and potassium (K30). For spinach also 100% WW proved more 
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effective and N40 was the optimum nitrogen dose while N20 was deficient and Neo 
proved excessive. The interaction, 100% WW XN40 was the most effective 
combination. 
Experiment III, was conducted during the rabi season of 2004-2005 where the 
performance of the same variety of fenugreek was studied under the same water 
treatments, 100%WW, 50%WW and GW but in presence of four levels of phosphatic 
fertilizer i.e. Po, P20, P40 and ?(,o alongwith optimum dose of nitrogen (Nio) obtained in 
experiment I with K40 as uniform basal dose. In this experiment also 100% WW 
proved best for most parameters studied. Application of P40 proved optimum, Pgo was 
at luxury consimiption and P20 was the deficient dose. The combination, 
100%WWxP4o proved superior over other interactions. 
Experiment IV, was also conducted along with Experiment III to study the 
performance of the same variety of spinach under the same water treatments 
100%WW, 50%WW and GW but under different levels of phosphorus, Po, P20, P30 
and P40 in presence of the optimum dose of nitrogen obtained in experiment II with 
K30 as uniform basal dose. In this experiment also 100%WW proved better over 
50%WW and GW. Among P doses, P30 proved best, P40 was at luxury consumption 
and P20 was deficient. Interaction, 100%WWxP3o gave the best results in the 
morphophysiological and yield parameters. 
Experiment V, was conducted on fenugreek during the rabi season of 2005-2006 to 
study the effect of only two treatments of wastewater (100% WW and 50% WW) as 
wastewater proved better than groundwater in experiments I to IV and a uniform dose 
of Nio (based on experiment I) and its control (No) with three levels of phosphorus, PQ, 
P40, P60 (based on experiment III) and two of K (Ko, K40) in six combinations. 
100%WW proved beneficial for most parameters studied. Among different fertilizer 
doses, N10P40K40 performed best as it was at par with N10P60K40. The other three doses 
N10P40K0, NioPfioKo and NIQPOKO were deficient in which first two were at par in most 
parameters and the treatment NIOPOKQ was better than control. Interaction, 
100%WWxNioP4oK4o surpassed the other combinations. Out of the four cuttings 
studied, third cutting proved the best in terms of total fi-esh yield and in all, three 
cuttings may be obtained due to the use of wastewater. 
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In Experiment VI, conducted simultaneously with Experiment V to study the effect of 
100%WW and 50%WW (based on I to IV experiments) and the combined effect of 
nitrogen, No, N40 (based on experiment II) and phosphorus, Po, P30, P40 (based on 
experiment IV) and potassium Ko, K30 on morphophysiology and yield of spinach. 
Here also 100%WW gave significant increase over 50%WW. The combined optimum 
dose N40P30K30 surpassed the other doses. The interaction of 100%WW with 
N40P30K30 proved optimum as it was at par with 100%WWxN4oP4oK3o. In spinach also 
third cutting was best out of the four cuttings and therefore, in all three cuttings may 
be undertaken due to the use of wastewater. These observations indicated the saving 
of inorganic fertilizers if the wastewater is used for irrigation. Since 100%WW 
proved best, therefore, there is no need of dilution which is incidentally a common 
practice employed by the local vegetable growers at Aligarh. 
Chapter V (Discussion) includes justification of the data obtained in the light of the 
experimental results of research work conducted by other researchers on similar 
aspects. Correlation analysis of some parameters was also imdertaken and conclusions 
have also been dravra at the end of the chapter and lastly some suggestions were also 
incorporated for the future work. 
Chapter 6 (Summary) the present chapter gives a glimpse of the entire study. It is 
followed by an up to-date bibliography comprising references cited in the text. An 
appendix comprising the reagents used during the experimental work was also 
provided. 
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APPENDIX 
l-Ainino-2 naphthoI-4 sulphonic acid 
0.5g l-ainino-2 naphthol-4 sulphonic acid dissolved in 195 ml 15% sodium 
bisulphate solution to which 5 ml 20% sodium sulphite solution was added. 
Alkali iodide azide reagent 
50g sodium hydroxide and 15g potassium iodide diluted to 100ml with double 
distilled water (DDW). Ig sodium azide dissolved in 4 ml of DDW and added to 
the above solution. 
Ammonium acetate solution (IN) 
57ml glacial acetic acid was diluted to 800ml DDW and neutralized to pH 7.0 
with concentrated ammonium hydroxide and final volume upto 1000 ml was 
made. 
Ammonium chloride-ammonium hydroxide buffer 
(a) 16.9 g ammonium chloride dissolved in 142 ml concentrated anmionium 
hydroxide, (b) 1.179 g of disodiiun EDTA and 0.780 g magnesium sulphate 
dissolved in 50 ml DDW. Both (a) and (b) solutions were mixed and diluted to 
250 ml with DDW. 
Ammonium molybdate solution (2.5%) 
(a) 25.Og ammonium molybdate dissolved in 175 ml DDW. (b) Add 280 ml 
concentrated H2SO4 to 400 ml DDW and cool. Mix the two solutions (a) and (b) 
and final volume made upto 1 litre with DDW. 
Ammonium purpurate 
150 mg ammonium purpurate dissolved in lOOg ethylene glycol. 
Bromothymol blue indicator (0.02%) 
0.002 g bromothymol blue dissolved in 100 ml DDW. 
Conditioning reagent 
50 ml of glycerol mixed in a solution containing 30ml concentrated HCl + 300 
ml DDW + 100 ml 95% ethyl alcohol and 75 g sodium chloride. 
Cystein hydrochloride solution 
48g cystein hydrochloride dissolved in sufficient DDW and final volume was 
made upto 1000 ml with DDW. 
Dickman and Bray's reagent 
15g ammonium molybdate dissolved in 300 ml warm DDW (about 60°C) cooled 
and filtered. To this 400ml of ION HCl was added and final volume was made 
upto 1000 ml with DDW. 
Appendix 
Diphenylamine indicator 
0.5g diphenyl amine dissolved in a mixture of 20 ml DDW and 100ml 
concentrated H2SO4. 
EDTA (O.OIM) 
3.723 disodium salt of ethylene diamine tetracetic acid dissolved in DDW and 
diluted to 1000 ml. 
Erichrome black T indicator 
0.4g Erichrome black T ground with 100 g powdered sodium chloride. 
Ferrous ammonium sulphate (O.IN) 
39.2 g ferrous ammonium sulphate dissolved in DDW. 20 ml concentrated 
H2SO4 was added and final volume was made upto 1000 ml. 
Folin's phenol reagent 
lOOg sodiimi tungustate and 25g sodium molybdate dissolved in 700 ml DDW 
to which 50 ml 85% phosphoric acid and 100 ml concentrated hydrochloric acid 
was added. The solution was refluxed on heating mantle for 10 h. At the end, 
150g lithium sulphate, 50ml DDW and 3-4 drops liquid bromine were added. 
The reflux condensor was removed and solution was boiled for 15 min to 
remove excess bromine, cooled and diluted upto 1000 ml. The strength of this 
acidic solution was adjusted to IN by titrating it with IN sodium hydroxide 
solution using phenolphthalein indicator. 
Hydrochloric acid (IN) 
86.2 ml hydrochloric acid mixed with DDW and final volimie was made upto 
1000 ml. 
Isopropanol solution (5%) 
5 ml isopropanol mixed with 95 ml DDW. 
Liquid ammona (1:1) 
Ammonia having specific gravity of 0.88 diluted v^th equal amount of DDW. 
Manganous sulphate solution 
100 g manganous sulphate dissolved in boiled DDW and volume was made upto 
200 ml. 
Methyl orange indicator 
0.5 g methyl orange dissolved in 100 ml DDW. 
Molybdic acid reagent (2.5%) 
6.25g ammonium molybdate dissolved in 75 ml ION sulphuric acid. To this 
solution 175 ml DDW was added and the total volume was maintained upto 250 
ml. 
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Murexide indicator 
0.2g ammonium purpurate ground with 100 g powdered sodium chloride. 
N-(l-Napthyl) ethylene diamine dihydrochloride (NED-HCl) solution (0.02%) 
20 mg nepthylethylene diamine dihydrochloride dissolved in sufficient DDW 
and final volume was maintained upto 100 ml with DDW. 
Nessler's reagent 
3.5g potassium iodide dissolved in 100 ml DDW to which 4% mercuric chloride 
solution was added with stirring until a slight red precipitate remained. 
Thereafter 120g sodium hydroxide with 250 ml DDW was added. The volume 
was made upto 1 litre with DDW. The mixture was filtered twice and kept in an 
amber coloured bottle. 
Olsen's reagent 
42.Og sodium bicarbonate dissolved in 100ml DDW and pH was adjusted to 8.5 
with the addition of small quantity of sodium hydroxide. 
Phenol disulphonic acid 
This was prepared by taking 25g pure phenol (CeHsOH, crystal white) in a 
conical flask (500 ml) to which 150 ml concentrated H2SO4 and 75 ml fuming 
sulphuric acid were added and kept on boiling water bath for 2 hours. After 
cooling it was stored in amber coloured bottle. 
Phenolphthalein indicator 
0.5g phenolphthalein dissolved in 50ml of 95% ethanol to which 50ml DDW 
was added. Now 0.05N CO2 free NaOH solution was added dropwise till the 
solution turned faintly pink. 
Phosphate buffer (O.IM) for pH 7.5 
(a) 13.6g potassium dihydrogen orthophosphate dissolved in sufficient DDW 
and final volume was made upto 1000 ml with DDW (b) 17.42g dipotassium 
hydrogen orthophosphate dissolved in sufficient DDW and final volume was 
maintained upto 1000ml with DDW. Now 160 ml of solution (a) and 840 ml of 
solution (b) were mixed. 
Phosphate buffer (0.2M) for pH 6.8 
Dissolve 27.80g sodium hydrogen orthophosphate and 53.65g disodium 
hydrogen orthophosphate in sufficient DDW and 53.65g sodium hydrogen 
orthophosphate separately and final volume of each was maintained upto 
1000ml with DDW. To get pH 6.8, 5 ml of monobasic sodium phosphate 
solution was mixed with 49 ml of dibasic sodium phosphate solution, and 
diluted to 200 ml with DDW. 
Potassium chromate indicator (5%) 
5g potassium chromate (K2Cr204) dissolved in DDW, and final volume was 
made upto 100 ml. 
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Potassium dichromate solution (IN) 
49.04g potassium dichromate dissolved in 1000ml DDW. 
Potassium nitrate solution (0.2N) 
2.02g potassium nitrate dissolved in DDW and final volimie maintained upto 
100ml with DDW. 
Reagent A 
0.5% copper sulphate solution and 1% sodium tartarate solution mixed in equal 
volumes. 
Reagent B 
50 ml 2% sodium carbonate mixed with 1ml reagent A. 
Silver nitrate solution (0.02N) 
3.4g silver nitrate dissolved in 1000ml DDW. 
Sodium hydroxide solution (IN) 
4g NaOH dissolved in DDW and final volume was made upto 100 ml. 
Sodium bicarbonate (0.2M) 0.02M sodium hydroxide solution 
16.8g sodium bicarbonate dissolved in sodium hydroxide solution (0.8g NaOH 
r ') and final volume maintained upto 1000ml v^th sodium hydroxide solution. 
Sodium thiosulphate solution (0.025N) 
6.2g sodiimi thiosulphate dissolved in 1000ml DDW. 
Stannous chloride solution 
lOg crystalline starmous chloride dissolved in 25 ml concentrated HCl by 
warming and then stored in an amber coloured bottle, giving 40% stannous 
chloride stock solution, just before use 0.5ml was dissolved to 66 ml with DDW. 
Starch indicator 
Ig starch dissolved in 100ml warm (80-90°) DDW and a few drops of 
formaldehyde solution were added. 
Sulfanilic acid solution 
600mg sulfanilic acid dissolved in 70 ml warm DDW. After addition of 20ml 
concentrated HCl, the volume was made upto 100ml. 
Sulphanilamide solution 
Ig sulphanil amide dissolved in 3N 100ml hydrochloric acid. 
Sulphuric acid (7N) 
190.4 ml concentrated sulphuric acid mixed with DDW and final volume made 
to 1000 ml. 
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Sulphuric acid solution 
500ml concentrated H2SO4 added to 125 ml DDW and cooled. 
Microbiological reagents 
1. Nutrient agar (g l') 
Peptic digest of animal tissues 5.00 
Beef extract 3.00 
Agar 15.00 
pH 6.8+0.2 
2. EC Broth 
Caesin enzymic hydrolysate 20.00 
Lactose 5.00 
Bile salt mixture 1.50 
Dipotassium phosphate 4.00 
Monopotassium phosphate 1.50 
Sodium chloride 5.00 
pH 6.8+0.2 
3. MacConkey Broth 
Peptic digest of animal tissue 17.00 
Proteose peptone 3.00 
Lactose 10.00 
Bile salts 1.5 
Sodium chloride 5.00 
Neural red 0.003 
pH 7.1±0.2 
4. Salmonella Shigella (SS) Agar 
Peptic digest of animal tissue 5.00 
Beef extract 5.00 
Lactose 10.00 
Bile salt mixture 8.5 
Sodium citrate 10.00 
Sodium thiosulphate 8.5 
Ferric citrate 1.00 
Brilliant green 0.0003 
Neutral red 0.025 
Agar 20.00 
pH 7.2 
5. Normal saline solution 
Sodium chloride 0.8g 
Water 100 ml 
pH 6.8+0.2 
